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ABSTBACT 

This first issue of INVESTIGATIONS IN SCIENCE 
EDUCATION (ISE) is designed to provide a new perspective for viewing 
research articles and is intended to aid in the iaprovenent of 
writing research reports. The analyses are intended to provide useful 
coaaents and suggestions and to serve as a device which night be used 
for training in the writing of research articles. Articles included 
in ISE are selected primarily froa such sources as professional 
journals and reports of governaent-funded projects. All critical 
abstracts published in ISE are prepared by science educators. 
Abstracts included in this issue relate to topic areas such as 
effectiveness of various teaching strategies, learning theory and 
procez»ses, socio- econoaic influences on scientific concept 
developnent in children, and verbal interaction in science classes. 
The foraat includes bibliographical data, purpose, .rationale, 
research design and procedure, findings and interpretations as well 
as detailed notes offered by the abstractor. C^^tbor/EB) 
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from th« Editor 



This first issue of ItivestiMtions in Science Education m&rks 
the beginning of another cooperative effort by the National Associa^ 
tion for Research in Science Teaching and the ERIC Science Mathe- 
matics » and Environmental Education Information Analysis Center* 

Investigations in Science Education ( ISE) is designed to provide 
a new perspective for viewing research articles and is intended to 
aid in the Improvement of writing research reports. Expanded abstracts 
and analyses will be developed for each research article reviewed in 
Investigations in Science Education . This analysis is intended to 
provide useful comments and suggestions for the preparation of research 
reports and to serve as a device which might be used for training in 
the writing of research articles* 

Articles to be included in ISE will be selected primarily from 
such sources as professional journals and reports of government- 
funded projects. Included articles which have been cited in Current 
Index to Journals in Education will carry the ERIC accession numbers 
in the form EJ OOO 000| those articles which have been cited in 
Research in Education will carry accession numbers in the form 
ED 000 000. These numbers allow the reader to locate the original 
annotations or abstracts that appeared in those publications* In 
the case of non- journal articles, they also give the reader access 
to reproductions of many of the papers through the ERIC ]k>cument 
Reproduction Service (EDRS). The availability and prices of repro- 
duction in hardcopy (HC) and microfiche (MF) are listed in the 
accession information section. For the convenience of the readers, 
each issue of Invest iRSt ions in Science Education which cimtains 
documents available from EDRS will include an EDRS order blank pre* 
printed with the available documents abstracted in that issue. 

All critical abstracts published in Investigations In Science 
Education are prepared by science educators. The abstractors donate 
their time and talents so that ISE may be produced at minimi coat 
to the science ^^ducatlon community. Your comaents and suggestions 
for improving this publication will be appreciated. 



Stanley L. Halgeson 
Editor 



Patricia £. Blosser 
Associate Editor 
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Bablkl^» Yiighla» **An Empirical Investlgatiofi to Detexmine th€ K^Utlvt 
£ff€ctive&M« of Dlacovifery, Laboratory^ and Expository Mathoda of 
Taaching Sdenca Concapts/* Journal of ^aaarch in Sclanca 
Taachina^ Vol* 8, Ho* 3a01-209> 1971* 
]>e8criptor8*--**Conc6pt Formation^ ^Inatruction^ ^Taaching 
Techniquas^ Diacovary Laaming» Educational Saaaarch^ Labora*- 
tory Procadureai Scientific Concapta, Secondary School Sdenca 

Expanded Abstract and Analyaia Prepared Eapacially for I.S*£* by 
Gana Gannaro« University of Hinneeota* 



Purpose 

The purpose of this study was to determine the relative ef f /e- 
nass iiacovery» traditional laboratory! and expository methods 
teaching eighth grade classes six science concepts having to do with 
the principle of bouyancy (Archimedes^ Principle) as measurad by the 
following criterion learning tasks: overall achievement of students » 
verbalization » recognition* transfer to new situational application 
to numerical problems* discovery* and the retention of c<mcepts« The 
six science concepts weret 

1. The volume of a liquid displaced by an imersed object 
is equal to the volume of the object* 

2, The object loses part of its weight in a liquid* 

3* The weight lost by an object in a liquid is equal to 
the weight of the liquid displaced* 

4* If the density of an object Is less than the density of 
s liquid* the object floats on the liquid* 

5* The weight of th.' liquid displaced by a floating object 
is equal to the weight of the object 

6* The part of a floating object under the surface of a 
liquid is equal to the volume of the liquid displaced. 

The l^po theses tested were that when the six concepts were taught* no 
significant differences would be observed} (1) among the groupa taught 
by discovery, laboratory* and expository imethods; (2) between high 1*Q. 
and low I*Q* students} (3) between the boys and girls; (4) batween the 
effects of the teadiing methods upon the achievements of high and low 
I*Q* groups; (5) between the effects of the taaching methods upon 
the girls and boys; (6) between the ef facta of intelligence upon the 
girls and the boys; and C) between the interactions of the methods and 
I«Q, upon the achievement of the girls and the boys* 
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Many science educators advocate thatt In the taachlng of sclanca 
in tha alamantary and aecondary schools » concapta ba taught by dlacovery 
rather than conventional laboratory and traditional expoaitoty methods* 
Thia experimenter believes that before this methodological approach is 
universally advocated for all teaching situational empirical evidence 
should be provided. The work of Ansubel and others on expository organ- 
isers vould be relevant to the present study. 



Research Peaign and Procedure 

The sample consisted of 216 eighth grade students assigned to three 
science teachers. The students of each teacher were divided into three 
homogeneous classes: "fasti^* "average and "slow," The thret classes 
assigned to each teacher were instructed by the experimenter during six 
class periods using one of the three experimental methods t the expository 
lesson plan (the teaching of the six bouyancy concepts was entirely ver*^ 
bait except for occasional use of the chalkboard » the students were pro-* 
vided with worksheets); the laboratory lesson plan (each student had a 
laboratory instructional worksheet mad with the aid of laboratory equip- 
ment was asked to verify the six bouyancy concepts); the discovery lesson 
plan (thia plan utilized the same equipment as the laboratory lesson plan 
but provided only the procedure for the discovery of the concept by the 
student and the elimination of the statement of the concept Involved in 
the experiment.) Students were pretested and posttested* On the basis 
of the results from the pretest and student files, it wm determined 
that the experimental groups did not differ significantly from one an- 
other in I«Q*, knowledge of the introductory concepts of weight, volume, 
and density and their preknowledge of the learning task. A test of 38 
items was administered. The results of the post test were analysed by 
a 3-f actor randomized design « 



Findings 

No significant differences were observed in respect to discovery 
of concepts, retention of concepts, and the interaction of the variables. 
Significant differences were observed in respect to the following cri- 
terion measures: overall achievement, verbalization of the concepts, 
recognition of the concepts, application of the concepts to numerical 
problems, recognition of the concepts to numerical problems; and in 
each of these cases, results favored the expository and the laboratory 
\esson plans* 
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1» The expository and the laborAtt^ry tni^thoda are slgDlf icantly 
more *.f fcctive than thfe discovery method for teachitig scl* 
ence concepts to eighth grade students » in respect to the 
following criterion ineasureaJ overall achievement, verbali- 
zation of concepts , recognition of concepts and the appllca- 
tlon of concepts to numerical problems. 

2. irrespective :>t the method by which students in the upper 
I.Q. groups ate instructed, they achieve significantly 
better than thoae in the lower I*Q. group in respect to 
the following criterion measures: overall achievement, 
verbalisation of concepts, recognition of concepts, and 
the application of concepts to numerical problems* 

3. Irrespective of the method used to instruct boys, they 
achieve significantly better than girls in respect to 
the following criterion measures: overall achievement, 
recognition of concepts, and transfer of concepts* 

Although the superiority of the expository method over the dls- 
covi^ry method might have been partly due to the particular expository 
lesson plan used and to the lack of experience of the subjects In dis- 
covery methods, the Investigator feels that the Investigation provldad 
enough evidence to recognize the importance of expository methods in 
science education* 



,\bs tractor*s Notes 

The study reported here Is concerned with the study of concepts 
associated with buoyancy* Further research of teaching methodology 
needs to be performed In achievement, verballxatlon, transfer, appllc%- 
tlon, discovery, and retention of concepts In other areas of the phys- 
ical sciences and In the life and earth sciences as well* Since con- 
cepts associated with Archimedes^ Principle are dlfflcttlt concepts 
for students of all age levels to verballae and understand. It may be 
that similar difficult concepts are best taught by expository-laboratory 
methods and not by discovery methods* On the other hand, It may be 
that a guided- discovery approach la needed. In which the teacher stops 
at crucial polntt and asks students to share pertinent data with one 
another so that students are getting th« necessary data for further 
parts of the exv»eriment* Or it may call for poat-laboratory diacusaion 
so that students discuss their data and have a chance to grapple with 
Inducing the relevant concept* If questions arise as to \rtilch data 
are accurate, students can return to the laboratory to check findings* 
It may be that this approach takes longer but, ultimately, is more 
efficient for learning* 
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Some concepts In acienee ere tertalnly not m difficult for young* 
Bt«ra to underBtond ar^ the buoyancy principles aaeociated with 
Archimedes* Principle, Perhaps these easier concepts are the ones 
that should be handled in a discovery fashion by the teacher* Students 
in a chemistry class can certainly inductively arrive at the general!* 
zation that soluble bases » acids* and salts oonduct electricity by a 
discovery approach « On the other hand* trying to get students in a 
biology class to arrive at certain concepts associated with population 
genetics using a discovery spproach might be futile. The fonoer re- 
quires good observation » technique t and some ability to generalise from 
data; the latter may require brilliance plus a great amount of back- 
ground. Hence » it may be that when one looks at what is needed to 
understand buoyancy principles that the necessai^ background is miss*- 
ing; from studies which have been done» it appears that students do 
not master density concepts even after th«se concepts have bean ex* 
plained to them and after having worked density numerical problems. 
Unless these concepts sre understood* It vould be difficult to teach 
concepts associated with Archimedes^ Principle using a discovery 
approad) • 

It may be that major concepts need to be taught in one fashion and 
eubsuasd concepts could be taught using a discovery or guidi^-dis- 
covery approach « One would need to determine major concepts and 
identify subsumed concepts « Students of different agea» ability* and 
background would have to be tested using vsrious ^qpproaches to teach- 
ing and then deciding which approach appears to be %est^* for which 
students « 

Also* it would be well to compare students several weeks or months 
after having had exposure to a concept that vas raught in expository 
fashion with students taught using a discovery or guided-discovery 
approach to see If differences exist* Advocates of the discovery ap* 
preach have suggested that retention is better using a discovery approach 
with certain concepts* 

It* 8 important that the approach one us^s with students in teach-' 
Ing certain science concepts be one that not only allows them to achieve 
understanding of certain concepts but also m^es them like what it is 
they are learning. The science teacher has them for at most an hour 
a day* but students* thoughts about a subject go on beyond the hour of 
clsss study. If the tescher captutes students* interest* the amount of 
timt that students think about certain concepts is increased and hence 
exposure time to these concepts is* in fact* increased* Our selection 
of books and articles to read* TV programs to watch are undoubtedly 
partially based on past favorable recollections* 

As suggested by the author* other cognitive and manipulative skills 
such as critical thinking* abllicy to design experiments » sibillty to 
analyse data* accuracy of measurements* setting up of apparatus need 
to be measured as well as those tested for In this experimental design. 
Certainly* as the author also suggests* the lack of prior experience 
i^th dlacovery methods may be a contributing factor. 
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B«lt€Ahe]r2» Paul C»» ^'A Comparlaon of the Quality and Saquunca of 
Tala.lftion and Claaairoom Sclance Quaattona With a Propotad 
Strategy of Science Inatructlon*^^ Journal of Baaeatch In 
Science Teachina ^ Vol* 30, No. 45355-363^ 1973* 
I)eacriptora--^*Educational Keaearch, ^Elementary School 
Teachera» ^Queationing Technlquea, ^Teacher Behavior i 
^Televlaion Curriculu&» Elementary School Science » Science 
Education, Teacher CharacteriatlcSt Televiaad Instruction, 
(Research Keports) 

Expanded Abstract and Analysis Prepared Especially for the I.S..f^ by 
William S* LaShier, Jr«, University of Kanaas. 



Purpose 

the purpose of this study was to analyse quastiona asked by 
studio (TV) teachers and classroom teachers in four school districts 
in the Seattle, Washington area. The classroom teachers were randomly 
assigned to four treatment groups representing varying degrees of utili*- 
zation of TV science and regular school diotrict science* 

The first hypothesis contrasted the proportions of questions 
(modified Gallagher^^Aachner system) asked by studio (TV) teachers 
during the exploration, invention, discovery, and review phasea of 
the TV script. These four phases comprised the Instructional Strategy 
Category System (ISCS), The data presented dealt only with telescripta 
used with 3rd and 4th grade classes* 

The second hypothesis dealt with significant ^iffarences in the 
proportions of questions in the Gallagher-Aschner nategorles among the 
four treatment groups cf teachers « 

The third hypothesis was concerned with identifying significant 
differences among the four treatment groupa whan the data from the 
Callagher^-Aschner System were viewed in terms of a pre-TV lesson, a 
p08t«-TV lesson and a non-TV lesson* These three types of lessons 
comprised the Science Lesson Category System <SLCS)* 

The fourth hypotheaia was somewhat aimilar to hypotheala one* 
The three treatment groups utilising telaviaion inatruction in grades 
three and four were contrasted in terms of the proportion of Gallagher**^ 
Aschner question categories asked In each of the four phases of the 

ISCS * 



5 

12 



Katlonale 



Thft resewchar Investigated Mparately tna quaatloning atrateglea 
of TV Studio teadiers and tha quaatloning atratagiaa of four groupa of 
taachara^ each group raflactlng differing degraea of utiUaatlon of 
both TV adence and non-TV acience« The inveatigator aelected the 
Soienca Curriculum Iii4>rovement Study (SCIS) sequence of exploration^ 
Invention » and discovei^ lesaons as the baaic strategy within which 
to eacamlne the qu<^ationing styles of the studio teachers and the class 
room teachers. 

The Gallaghar-Aschner Systen of questioning categories vaa modi- 
fied in this study by *he addition of an observation category. This 
system generally reflects the structure of intellect as defined by 
J« P. Guilford. 



Beaearch Design and Procedure 

Studio (TV) teachera presented 15-minute weekly lessons to stu- 
dents In grades one through four for 13 weeks. The 54 classroom 
teachera and their Intact classes ware randomly lUisigned to one of 
the following groups s 

1. Television science only» materials for pre- and post-TV 
activities were provided to this group. 

II, Television science and the regular district science program. 

III. Television science only* 

IV. Bagular district science only. 

All questions In the 13 television scripts were analysed uaing 
the modified Gallagher-Aschner system. The 54 teachers audio*tape 
recorded all science taught during the 13 week periods Six leaaona 
ware selected from thoae recorded by each teacher In treatment groups 
I, II» and III. The sample else of questions for teachers in Treat- 
ment IV was based on the mean number of questions asked by teachers 
in the other three groups. 

The proportiona of questions derived from the Gallagher-Aschner 
System were analysed within the context of the Instructional Category 
Systtfn. Next the proportions of questions wre analyzed using the 
Science Lesson Category System (SLGS). 

The high consistency among the coders of the modified Gallagher- 
Aschner system mm indicated by an average percmt agreement of 91^8 
between each of the three coders on the three t^escrlpts analyzed 
at three different Intervals. The mean proportion ox v^uestlon types 



6 



ERLC 



across grade levels » treatment groups ^ and instructional contexts 
vere analysed by the coders* Levels of significance betmen these 
proportions were determined by the use of Fattu^s Nomogriqph% 



Findiutts 

In hypothesis one» 94 percent of the questions asked oy TV 
teachers occurred during the exploration and discovery phases of the 
ISCS* Furthermore 7S percent of questions asked in all four phases 
were convergent questions* 

In hypothesis two^ 42 percent of the questions asked by teachers 
in the four treatment groups were included in the convergent cate- 
gory and 39 percent in the memory category. Group II asked a sig« 
niflcantly higher proportion of memory questions than groups I^ III^ 
and IV considered separately. This corrected statement is baaed on 
an apparent error in Table II on the comparison of groups II x IV« 
The correction should read II>IV« A further correction in the con^ 
vergent column of Table II should read III>I« The corrected finding 
of this hypothesis points to Group IIT ^king significantly higher 
proportions of convergent questions than Groups I ^ lit or IV con- 
sidered individually* Group I asked a higher proportion of convergent 
questions than did either Groups II and IV« 

In hypothesis three the Gallaghex-i^chner system data from all 
four treatments were recast into three science lesson categories (SLCS). 
However » the reader should recognixe that only Group II had questions 
tallied in all three SLCS Categories* The associated Table III per- 
haps should show only the seven possible combinations rather than 
the 18 Implied comparisons* 

The findings in hypothesis three indicated that 80 percent of the 
TV related questions were asked ^luring the post^TV period* Further 
scrutiny of this period Indicated that Group III asked a higher pro- 
portion of convergent questions than either Group I or II. Alsot during 
the post-TV period* significant differences were observed in the pro- 
portion of memory questions Mked vith Groups II>I>III* 

In hypothesis four it appeared that 64 percent of the questions 
asked by classroom teachers in grades 3 and 4 vere categorized into 
the discovery phases In this phase Group III asked a slgnific«3itly 
higher proportion of convergent questitms than either other gr^up* 



Interpretation 

One of the intents of the TV science aeries vas to invent key 
science concepts and pose convergent questions to be developed in the 
post-TV series* The author therefore paired Groups I and tlT post-TV 
and contrasted their strategy with Groups II and IV non-TV periods* 
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Apparmtly on the baala of proportion of convergent and memory 
questions asked rather than levels of slgnlf leanest it vas concluded 
that Groups I end 111 asked more convergent and less memory questions 
then did Groups II end IV* The implication is that the intent of the 
TV series vas being met« 



Abstractor's Notes 

The three phase model of SCIS plus the review ^^ase vas apparently 
auperin^osed on an existing science TV series for ^ *de8 3 and 4 rather 
then the TV series being pre-planned to emphasise one or more of the 
atsfies^ This limitation gives rise to the quH&stion of how the various 
TV lessons vere logically separated into the four phases of the ISCS« 
Stated differently » could the three coders establish a high consistency 
in separating sn audio-taped lesson into the SCIS categories? 

This reviewer also was interested in the ground rules established 
for the categories of the modified 6alli«^er-Aschner System^ The cate<- 
gories of eon^^ergent end observation seemed to be some^st overlspping« 

In future studies » one might wish to re-examine the manner in 
which the modified Gallagher-Aschner question categories are emphasized 
in the exploration^ invention^ discovery and review phases of a sci- 
ence lesson^ In a description of a typical TV studio lesson, the 
author emphasized that convergent questions were used during the ex- 
ploration and discovery^ Both the TV studio teachers treatment 
group teachers used only three percent divergent questions* A future 
questioning model might Include a high proportion of divergent questions 
In the exploration stage, followed by some convergent questions lead- 
ing up to the Invention of the concept and during the discovery phase 
some initial divergent questions followed by convergent questions « 

In the pr«>(sent study the Gtoup III teachers (television science 
only) asked significantly more convergent questions than did any of 
the other groups, including Group I that had all the supporting 
msterial for pre- and post-TV activities ♦ A follow-up study might 
search for significant relationships between what the TV studio teacher 
does end the subsequent questioning behavior of the teachers in a 
post-TV lesson* 
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Fulton^ Harry "An Analysis of Studrnt OutcOMs Utilising Two 
Approach^ to Teaching BSCS Biology Journal of Research In 
Science Taachlna^ Vol* 8, Ho. l521-28» 1971. 
Deacrlptor~*Blologyg ^Evaluations *Group Instruction, 
^Individual Instruction, Instruction, Secondary School 
Science, (Biological Sciences Curriculum Study) 

Expanded Abstract and Analysis Prepared Especially for I*S«£. by 
David R« Stronck, Washington State University « 



Purpose 

The i>urp08e of this study was to compare die effectiveness of the 
following two approaches to teaching the content of the BSCS textbook 
Molecules to Man to students enrolled in eighth-grade biology at Uni- 
versity High School at the University of lowai (1) the traditional 
group iipproach by i^lch every student in the classroom was expected to 
perform and progress at a pre-detetmlned rate established by the teacher, 
and (2) an individualised approach by which each student progressed at 
a rate consensurate with his abilities « The effectiveness of the two 
approaches was analyzed by comparing the student Outcmes in each ap- 
proach in the following five areas: (1) achievement in biology, (2) 
understanding in science, (3) critical thliiking ability, (4) attitude 
toward science, and (5) evaluation of the teacher ^s ability to make 
the material understandable « 



Rationale 

This study accepted the validity and rellsblllty of these eight 
instruments which were used: (1) the BSCS Comprehensive Final Examina- 
tion , (2) the Nelson Biology Test^ (3) the Test on Understanding Science^ 
(4) Pacts about Science Test , (5) Watson-Glaaer Critical Thinking Ap- 
praisal, (6) Sllance Attitude Scale , (7) Prouse Subject Preference Sur- 
vey , and (8) the Performance Scale for High Sdiool Biology Teachers % 
The researcher assumed that these Instruments would provide an adequate 
means for comparing the effectiveness of the two approaches in the five 
areas listed above* 

This study did not depend on any previous research beyond that 
which was Involved in the development of these Instruments » The re- 
searcher assumed that the BSCS textbook Molecules to Man was equally 
appropriate to the different approaches* He also assumed that the 
different use of excursions had no significant effect on the student 
outcomes* The researcher explained that excursion activities were pro- 
vided for the students of the todlvlduallxed approach who had completed 
the basic core of materials before the end of the school year* Por 
those in the group approach, such optlOM were available during the 
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school y«ar* The reaearclier gives no data on the use of these excur*' 
8ion8« Nor does he deBcribe the possible Hawthorne effect which is 
the tendency of subjects in some experiments to respond favorably to 
almost any change* Those in the group approach used the textbook as 
the basis for class discussions, testing, and laboratory Investigations « 
On the other hand, those in the Individualiaed approach worked with an 
adaptation of the textbook ^ich was converted into a loose-leaf note- 
book* 



Research Desiftn and Procedure 

The researcher begins by describing his design and procedures as 
those of the pre test-post test control group* A sample of t\«e.*ty stu- 
dents was selected randomly each year from the students eniolled in 
the eighth-grade biology program at University High School at the 
University of Iowa* The group approach used in die year 1967-68 may 
be interpreted as the one proA^ding the control group* The individ- 
ualized approach of 1968-69 provided the experimental group receiving 
the treatment of self -pacing in their Instruction* 

Although random selection of the students is an acceptable mathod 
of assuring similar samples, this researcher determined the background 
of the students by use of the Iowa Cardpac System of Educational Account- 
ing Pupil Inventory and the Towa Tests of Basic Skills * The Iowa Tests 
did not reveal any significant differences between the samples in com- 
posite scores, vocabulary scores, reading comprehension, work-study 
skills, or arithmetic skills* The Iowa Cardpac demonstrated very similar 
backgrounds in the marital status of the parents, occupation and educa^ 
tion of the parents, students^ attitudes toward studying^ teachers, and 
additional years of education « This analysis of the students^ back- 
grounds establishes the sufficiency of using the **t^* test to compare the 
student outcomes in various areas* 

The researcher not only did comparisons by use of the ^*t" test but 
also continued his statistical analysis by using the test in an 
analysis of covariance on all pretest and posttest scores in which the 
pretest measure was treated as a covariate* In this analysis of covari- 
ance, posttest scores were adjusted on the basis of the pretest scores* 
The adjusted mean scores were used to compare the various scores between 
the two groups « This use of statistics implies the nonequivalent con- 
trol group design of research* 

Findings 

At the five percent level of significance, six null hypotheses 
were rejected* These rejeetlonr. consistently demonstrated the greater 
gain by the students in the Individualised class* They were superior 
in scores on (1) the BSCS Comprehensive Unal Examination > (2) the 
Test on Understanding Science , (3) the Pacts about Science Test > 
(4) the Watson-Glaser GriticTl Thlnkiny^ Appraisal s (5) the Prouse 
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SuV^ct Preference Survey i. and (6) the Performance Scale for High 
School Biology Teachera ^ Question Ko* 2. The last scale revealed 
that the students exposed to different ;q;>proache8 to teaching BSCS 
Biology did vary in their evaluation of the teacher ^s ability to make 
the materia understandable* 



Interpre tat ions 

The researcher simply observed that this study showed a consist*^ 
ently greater gain by the students In the individualized class in all 
of the areas tmder consideration* He did not attempt to generalize 
beyond the one teacher involved in the study and the slt^le course 
taught at one high school « 

Abstractor's Hotes 

This study uses many well accepted instruments of evaluation. The 
researcher has thoroughly established his inteii>retation that students 
in the individualized class had superior outcomes in comparison vith 
those of the previous year in the "group approach/* This ahsti:actor is 
led to the conclusion that the one teacher involved in the study cer- 
tainly did a superior performance of teaching the second year with the 
"individual i zed approach . " 

There are at least five possible reasons which might explain the 
superior outcomes with the individualized approach. The researcher did 
not discuss any of these possible explanations in his article. First 
of all> the individualized approach inay have been needed simply because 
the BSCS textbook Molecules to Man {Blue Version) may not be an appropri* 
ate textbook for eighth-grade students « Many have described the 1964 
edition of the Blue Version as the most difficult of the three BSCS 
textbooks designed for use by students in the tenth grade. Some have 
suggested that this textbook should be used only by students vho have 
completed a course in high school chemistry* The difficulty of this 
textbook for these students may have demanded extraordinary techniques 
in its use* e,g., the individualized approach^ 

A second reason for the superior outcomes may have been the ex^ 
cellence of the adaptation of this textbook for the individualized 
approach. The content of the textbook was placed in a loose-leaf note- 
book providing space in the reading material for the student to con- 
sider any question presented to him in the adaptation* Unfortunately 
the looser-leaf notebook system was used only with those students in 
the Individualized approach « 

A third possible expiration for the superior outcomes of the 
individualized approach may be the Hawthorne effect « Students in the 
group approach received a relatively traditional method for instruction 
in biology. On the other hand» the use of the loose-leaf notebook and 
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th«i aba^ncft of the usual lecture and discussion nsthoda may have created 
an atmosphere o( great novelty and experimentation. Such changes are 
certainly capaMe of producing superior attitudes and outcomes* 

A fourth reason for the superiority of the Individuallaed approach 
may be found in the personality of the teacher. This study considered 
the work of only one teacher. The Performance Scale for Hltth School 
Biology Teachers used In this study demonstrated that he made the mate- 
rials more underst^^ndable in the individualised approach « His superior 
performance may ha^^ been because of his Inexperience as a teacher dur- 
ing the previous yeir, or his inadequa^ as a public speaker, or his 
enthusiasm for teaching with individualized materials. 

Another poaslb>e explanation for the difference in outcomei? may 
have been the quality of the students in the samples. Each year the 
senile consisted of on^ twenty students. Although the Iowa Teste of 
Basic Skills did not show significant differences between the groups , 
nevertheless, the mean scores revealed a definite trend for superior 
skills in the individualised group in caiiq>oslte score, vocsbulary 
score, moA arithmetic skills. Because of the small slate of the samples, 
this trend may have become significant In the later t^nts which were 
used in this study « 

At the present time there Is a strong emphasis in our nation for 
the increasing use of indlvidualiaatim In instruction « Unfortunately 
this study does not provide any strong generalizations which support 
arguments for increasing individualisation. Because only one teacher 
in one school was involved In this research, the study remains a rela* 
tively anecdotal discussion of his improved teaching. His circum* 
stances seem very unique because of the use of Molecules to Man as a 
textbook for eighth graders. Moreover, Vniverslty High School at the 
University of Iowa is probably not a typical American si&ool. 

The students exposed to two different approaches to teaching BSCS 
Biology in this study on the ?erformance Scale for Hltdi School BloloRy 
Teachera revealed a significant difference in their judgments on the 
ability of the teacher to make the material understandable. Itiis dif* 
ference becomes the most obvious explanation for the superior outcomes 
of the students in the individualised group* Unfortunately this dif^ 
ference obscures the direct comparison between the group approach to 
instruction and the indlviduallxed approach. Those who are interested 
in this important comparison can find in the conclusions of this study 
only that one teacher did a superior Job with individualised instruc- 
tion in comparison with his more traditional teaching of the previous 
year« If another study revealed that many teachers rather consistently 
were able to make the materials more undentandsble ^en they used an 
individualised approach, then there would be a strong arjtment In 
favor of the use of the individualised approadi* This su4^gested addi^ 
tional study should also involve the use of materials irtiich are truly 
designed for the specific grades The materials should also be equiva- 
lent in format) a*g«» loose-leaf notebooks. Otherwise the lack of 
sufficient controls m^ ^ain fall to Isolate the Impact of Individ* 
ualisatlOD. 
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Good, Ronald G% » "A Study of the Effects of a 'Student-Structured* 
Laboratory Approach to Elementary Science Education Methods 
Courses: Affective Domain.'* Journal of Research In Science 
Teaching i> Vol, 8^ No* 3i255^262» 1971» 

Descriptors— -Mttltudest ^Changing Attitudes, Educational 
Attitudes, Methods Courses, Scientific Attitudes, Scientific 
Enterprise, Student Centered Curriculum, Teacher Education, 
Tests 

Expioided Abstract and Analysis Prepared Especial!^ for I.S.E. by 
Burton £% Voss, University of Michigan.. 



Purpose 

The purpose of this study was to develop an Instrument that could 
assess college students* beliefs and attitudes toward the objectives 
of a specific elementary science methods course. 



Rationale 

The basic assumption underlying the methods course was that a 
person's beliefs tend to dominate his hehavlors* A change In beliefs 
concerning the nature of science, the nature of scientists, the re^ 
latlonshlp of science to society, the nature of elementary science 
and children would therefore give an Indication of a corresponding 
change In subsequent behaviors* 

The author further stated that a course permitting students to 
discover or structure their own learning was conducive to the develop- 
ment of the desirable attitudes he was atteii«>tlng to measure* 

Research Design and Procedures 

The assessment Instrument was developed by the author* It con- 
sisted of 40 items. Twenty were related to the nature of science, the 
nature of scientists, and the relationship of science to society* 
Twenty were designed to .Msess beliefs about the nature of sclafice 
education for elemental^ school children, including the role of the 
teacher* 

The instrument wm field tested by giving it to 100 prospective 
elementary teachers* Initial results showed a need for revision* The 
most notable changes were the reduction in the number of statements 
related to characteristics of scientists and the role of science In 
society* 
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A prellmlnaty version of the test vm given to etudents in the Fell 
of 19C9 and further revlaiona vere made in the Inatrument* Most of tho 
questions related to the nature of scientists and the relationship of 
science to society were deleted, thus leaving the orientation of the 
assessment instrument to questions more directly related to the nature 
of children and the role of the elementary school science teacher. 

Further revisions of the assessment Instrument were again made 
and a final form of the Instrument was administered as a pre-* and poi^t«- 
test to 109 students in the Winter Quarter* 1970tand to 55 students in 
the Spring Quarter » 1970% Major efforts were made to reduce the teacher 
variable in the different sections of the course* 



Findings 

The student was asked to respond to each statement on the assess- 
ment instrument according to a five point scale ranging from (1) 
strongly agree » (2) agree , (3) no opinion, (4) disagree , to (5) strongly 
disagree « Analysis of variance was used in determining the level of 
significance in differences between pre^ and posttest scores* There 
were no ^^right^* or ^Wong^^ responses to the test* There was, however, 
a preferred pretest-posttest direction of responses to statements if 
the course was having a ^^ositive** effects 

The individual item analysis testing for significant difference 
(also indicating change in directionality) showed students made slg^ 
nif icantly different choices on 25 of the 30 items from pre- to poat^ 
test during the Winter Quarter. The results of the Spring Quarter 
testing were very similar* 



Interpretations 

The author concluded the student structured course was having an 
Influence on favorable attitude development of students since there 
was a significant directional gsdn consistent for both experimental 
groups on at least nine of the 30 statements on the asseesnent Instru^ 
ment* The major Inference drawn from the study was that actui^ par^ 
tlcipation by students in the student structured process seemed to 
be effective in changing beliefs about the nature of elementary school 
aclence, the nature of children and the role of the teacher. 



Abstractor's Sotes 

This article has a great deal of merit in that it atteo^ted to 
work with an elusive, yet critical aspect of teacher education ~ 
teacher attitude developments 
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One concetn about the study la that atatementa about aciaiica» 
aelentlata» and tha rola of acianca and society vera removed from 
the aaaeastnant Instrument with little justification* Taachara^ atti- 
tudea concerning these aspects mre Ivportanti but as the author atataa» 
*^ow mudi can be accomplished In a course 10 weeks In length?^' 

The abstractor has also worked on a science attitudes test for 
junior high students % The same technl<iue of analysis waa uaed In 
interpreting changes In students^ attitudes from pre- to posttest. 
The direction of change on eadi statement waa analysed^ The statis- 
ticians associated with the study wanted a student test score on tha 
test* This could have been done, but the Individual statement anal^- 
ais provides a more powerful method fox Interpretation t 

The author could have done a split halves reliability to ob* 
tain some indication of the reliability of the assessment Instrument « 

The m^n thrust of the study seemed to move from the purpose of 
developing the assessment instrument to an analyals of student* 
structured learning situation in an elementary science methods course* 
Major Inferences vere made about tiie apparent effactiveneaa of the 
approach without using an appropriate control group or groups* The 
study did, however » provide a very interesting insight into elementary 
science teacher education. 
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Mafk^t Bouglda J«i **Hlerar<:hlciil Analysis of tha Bmdo&lied Hultlplie*- 
Choice Fonuit«^* JouToml of Iteaaarch In Sclanca Temchin'i m 
Vol* 8^ Ko. 1^29-35, 1971. 
Oaacrlptottt^ — *Cognli:iv« Procaasoa^ *Svaluatlon» ^ultlpl« 
Choica Toats» ^Phyal^a» ^aat Construction » Collaga Scianca» 
Organization » Problem Solving 

Ixpandtd Aba tract and Analyala Prepared Especially for I.S*E* by 
Eodney L% Doran« State University of Hew York at Buffalo. 



Purpose «^ 

The study conpareo the perfurmwtcea of atudents to a free^response 
Item and a set of multlple«^diolce Items On the satue science concept* 



Rationale 

One reason sciettce teachers have been reluctant to uve madilne^ 
acoredt multiple-choice tests Is that many questions require several 
steps to be solved correctly. Partial or total credit is assigned 
depending on the ^'degree of correctness of the solution.^' Nedelsky 
suggested using several objective test items to test student under^ 
stsnding of a problem Instead of the easiq^ format * tn this study » 
Harke compared student responses on multiple-choice items to free- 
response Items testing the aaae adence content. 



Research Design and Pr»i>cedures 

Six physics problems were «iU,yaed to determine the sequence of 
steps necessary to solve the problem correctly. For each of the a taps 
in this hierarchy » a separate multiple-choice item was written. These 
items when randomly sequenced and administered in a test constitute the 
Rsndomlsed Multiple-Choice (BMC) format* Studepts complete tlM free^ 
response format Item and use It to aid them in answerinir the RNC items* 

**airect comparisons I using correlations, did not reveia whether the 
students used the sane mental processes to solvs the sane problems on 
the two teat formats Therefore! an Indirect ^proach using two methods 
of hierardiical analysis was employed to con^are the mental processes 
used by students to solve the problems on the two test formats. 

A Conalatency Ratio, si^lar to that used in the Science - A f vocess 
itoproaai evaluation, was calculated for each dependency relationship in 
esch problem. Based on the hierarchy of steps for eacth problem, the 
f ollowiim kinds of tranafer relationship exist anong the RHC iteow for a 
given problem I 
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1. Hutftry of hoth thtt upper Uv«l item ttid lowtr level Iteuis* 

2% Failure on the upper level Item and failure on one or more 
of the lower level Itema* 

3« Failure on the upper level item but maetery of all of the 
lower level items « 

4, Mastery of the upper level item but failure on one or mor« 
of the lower le^ml items* 

Aa only the first three typea of trmsfer relatlonahip are consistent 
with the hierarchy » the conaistency ratio waa defined as the number 
of transfer relationships of type 1» 2> and 3 divided by the total 
number of transfer relationships. This ratio waa calculated for each 
dependency relationship in each problem. High consistency ratios on 
all dependency relationshipa In a hierarchy would support the validity 
of the hierarchy* Aa gueaaing on the BMC items could change transfer 
relationships from type 2 to type 4 and thus reduce the consistency 
ratiot Hatke used 0.85 as the criterion rather than 0.90 which was uaed 
in situations involving f ree^reaponae questioiui. 

'•Th^ consistency ratio method conaldered group reaponses as a whole 
on the complete hierarchy and group reaponses on segments of the hier- 
archy. The pattern analysis technique developed by Rimoldi and Grib 
waa used to analyse the responses for the complete hlerardiy on a sub- 
ject by subject basis.'' Students' response patterns were examined to 
determine whether they corresponded to one of the '^expected patterns'* 
baaed on the hierarchy of BMC items. These ocpected and observed 
response patterns were compared ui*ing the Bimoldl and Grlb procedure 
resulting In an index of agreement for each of the six BHC problema. 



Findings 

The average conalatency ratio of four of the alx problems was 
above the established criterion^ 0«85. All the consistency ratios in 
the other two problems were below .85. 

Ihe indices of agreement obtained through the pattern analyaia 
were •789> *640, •812» .705, .939. and .819. The loweat indicea of 
agreement were obtained with the problMUi that had low consistency 
ratios. 



Interpretationa 

The two methods of analysing the atudent responssa produced similar 
results. Harke concluded that theae an^yaea indicated that ^^studenta 
in aolving the BMC problema uaed aequences of mathematical and phyairal 
concepts similar to the sequences they would have uaed if the aame 
problms had been preaented in f rea-^responae form.*^ 
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Abai:rACtor*s Notts 

The fa€t that tht umut two ptoblttms failed to satisfy both vallda^ 
tlon tschnlquas sugaests that thera nay hava baan somitthlng In atror 
with the hierarchy or the Items developed from the hierarchy. One major 
queatlon when developing hierarchies is whether to use logical or psy- 
chological models, Harke assumed ^^ese sequences can be logically de- 
termined from knowledge of physics J* A psychological rationale for a 
hierarchy would entail using a sequence of student behaviors or operations* 
In reality » many hierarchies may be compossd of steps that are sequenced 
on the basis of both content and student behavior (e,g,, student can 
state rules for volume) • Barkers dependence on the logical structure of 
the content of each problem could have overlooked what the students have 
to do with the content to proceed along the hierarchy » 

Once one has established a hierardiy» the construction of items 
assasolng each unique step can still be a source of error^-thls Is 
especially true for items that are designed for student behaviors i^ove 
the recall level* The students^ mental process used to answer an item 
msy or may not be the aame as the resaarcher intendeds This possible 
discrepancy could be a function of many variables such as the background 
of the students » clues wi^ the item» clues from other items ordered to 
the same problem. In his article » Harke included a sample physics prob^ 
lem with its five KMC items* However » the hierarchy represented by this 
problem was not included nor was the specific objective laeasured by each 
item. Replication of this study would need such kind of information. 

The author has obtained evidence to support the use of a measure- 
ment procedure that has great potential for science teachers. It is 
hoped that replication and extensions of this research will be forth- 
coming to further substantiate the valun of this measurement procedure* 
This KMC technique can become one of tho measurement tools all science 
teachers have at their disposal. Such an analysis of the steps in 
solving specific science problem would also m^e teachers more aware 
of the student behaviors requisite to solving specific problems* This 
study is one of few research studies that produces something of immedi- 
ate value to science teachers » in addition to investigating a problem 
of Interest to researchers* 
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Johnson « Paul E*, Thomas £• Gurran and David !• Cox-> "A Modal for 

Knowledge of Concepts In Science*" Journal of Beaearch in Science 
Teaching . Vol, 8, 8o, 1:91-95, 1971* 

Besc¥lptora^*-*College Science » ^Cognitive Processes t Evaluation^ 
Learning Processes t Models t Physics, Scientific Concepts 

Expanded Abstract and Analysii^ Prepared Especially for I.S^E, by 
H« Craig Sipe^ State Uni>;erslty of New York at Albany, 



Purpose 

The purpose of the study was to exa&lne the relationships between 
interrelated science concepts and the psychological relationships by 
which these are learned and understood* 



Rationale 

Neither the logical models of science (e«g, Kuhn, Nagel, or 
r.«atscm) nor the pi^ychologlcal modeJs (e.g. association and similarity) 
have independently been particularly useful in explaining how science 
is learned and understood. Perhaps the two sets can be used Jointly* 
If so, knowledgeable students will be able to respond to stimulus wordi^ 
in a way characteristic of association, overleaming, mediation, and 
similarity due to adjacency in structure* The subject matter used in 
the test exercise Is from physics and deals with six relational con- 
cepts (power, work, force, acceleration, velocity, and momentum) and 
three operational concepts (mass, distance, time)* Plgure 1 shows the 
Interrelationahips, e.^* time relates power and workt mass relates 
force to acceleration. If these relationships exist In the mind of 

Time 

Distance 
Mass 
Time 

Momentum Velocity Time 

Mass 

Figure 1* A model for concepts in mechanics 

the student, then they can be Inferred by the investigator from the 
responses of the student to stimulus words on a free^association testt 
a constrained-association test, and a similarity rating teat, Johnson 
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haa reported earlier related work in a series of papers la Journal of 
Educational Pavchology (55:84-88, 1964; 56:217-224» 1965j 58575-83^ 1967 
and 60:32-40» 1969)* 



Research Design and Procedure 

A three-section test was administered to #9 male physics majors 
at the Dulver&lty of Minnesotat all of ^om had completed at least 
their Junior year* The data from the free^ association teats (FA) were 
reduced and displayed as a 9 x 6 matrix of observed frequencies ^en 
subjects were givei,. one minute each to respond to stimulus vords 
(concepts in Figure 1) placed in random order, one to a sheet, in a 
test package* The constrained association test (GA), untlmed, asked 
the subjects ^'to make a list ox all nouns you vould use in defining 
physics concepts represented by the words, the stimulus words wre 
the same as the FA test. The similarity rating test (SK), also un^ 
timed, consisted of 36 possible pairs of nine words (again those in 
figure 1) to be rated on a seven-point scale of similarity (one for 
the highly dissimilar to seven for the highly similar)* The data from 
the SR test were reduced to and displ^ed a"? ^^average similarity rat- 
ings/^ To facilitate the comparison of data, (1) rank order corre^ 
lations were computed between the stimuli words (relational concepts) 
and the response words on the FA and CA tests and (2) rank order cor*- 
relations were computed between the ^^relatedness coefficients^* (after 
Garskoff and Houston, Psych Rev * 70r277-278, 1963) for the pairs of 
concepts on the FA and CA tests and the average ratings for pairs cf 
concepts on the CR tests « 



1* the associations of stimulus words are consistent with 
the relationships «.ssumed to be within the conceptual 
framework (Figure 1)« Stimulus words elicit mostly the 
words adjacent to them as responses « Words at the end 
of the hierarchy elicit fewer words than those in the 
middle* Like effects (P 0.90 with p ^ .01) are ob- 
served for the six relationally^'defined concepts when 
FA and CA responses are compared* 

2* The presumed conceptual network can account for observed 
similarity relationships reflecting position in the 
structure (P - 0.82 with p<. *01 for ^^aver^e similarity 
ratings,^') compari^d with hypothesised similarity/ 
dissimliarity in the network* 



Findings 
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The high agreeMnt between SR teat end FA test <P " 0*B5 with 
p < «01) «id between SR teat end GA teat <P - 0«79 vith .0]0 in- 
dleetea that ^^esaocietion end rated similarity ray be siiq>ly alter^ 
native vaya of indexing the same underlying process .^^ The value of 
the Instruments used depends on the success found in diagnostic evalua^ 
tion rather n as predictors of success in complex tasks such as 
problem solving* 



Abstractor's Kotes 

The investigator makes an implicit assumption that instruction is 
based on verbal association and the subsequent ordering of verbal con** 
tent^ The population used is more typical of those who have succeeded 
in meeting the demands of a logically structured system than of tho'se 
who are learning conceptual relationships for the first tlme» Although 
no claim is made about the universality of the findings i specialists in 
instruction need exercise caution in extrapolating the findings to 
discovery leamlag modes » to the concrete operational pupils » to task 
analysis instructional designs ^ and to situations calling for either 
application of meaningful vcrlial learning constructs or of creative 
problem solving. One mast take seriously the investigator's comment 
on the diagnostic value of the tests and the Inherent nature of complex 
mental tasks. 

Three relatively simple procedures are provided to explore hier- 
archical conceptual relationships. The evidence in the example chosen 
is reasonably tight. Engaging in further study with less^ell defined 
material in physics and other disciplines would do xcmch to establish 
the boundary limltc for using such promising measurement procedures. 

Unresolved Is the issue of an ^propriate model for developing a 
knowledge of conceptual interrelationships in science « The Investigator 
chose a situation wherein the constraints on the population assured 
reasonable conformity to expectation. Little is kntywn about the methods 
for the initial teaching of the concepts, the main problem that besets 
the teacher^scholar^ 
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Klein, Carol A%> "Differences in Science Concepts Held by Children 
from three Soclel*-£conoinic Levels School Science end Mathe- 
matics. Vol. 71, Ko» 6:550^558, June, 1971* 

Descriptors^ — ^Problem Solving, ^Scientific Concepts, ♦Socio- 
economic Influences, ^Socioeconomic Status, Curriculum Planning, 
Educational Research, Elemental School Science, Research, 
Science Education, Student Evaluation 

Expanded Abstract and Analysis Prepared Especially for I«S%£« by 
Alan H« Voelker, Northern Illinois University* 



Purpose 

This study was designed to determine whether children from three 
socials conoinic levels differed in their understanding of selected 
science concepts and in the methods they would suggest to find answers 
to questions associated with the concepts* 



Rationale 

As elementary school science continues to increase in quantity 
and quality more care must be given to the selection of instructional 
materials and the use of these materials in facilitating a science cur- 
riculum. The study was conducted to verify that the sodal^conomlc 
level of the learner has an effect on what he can derive from the use 
of specific instructional materials « If social^economlc level affects 
what children can and do learn, provision must be made for maximizing 
^he probability of a productive aptitude-treatment interaction. Using 
the same materials for all children is not coiisiatent with theory, 
practice, or research findings. 



Research Design anri Procedure 

Test items were constructed to measure the understanding of con<- 
cepts selected from the basic text used in the participating school 
system. The items were piloted in a school system other than the 
school system where final testing occurred* The children involved 
w^re from lower and middle social-economic levels. Data were used to 
detetmine the clarity and discriminating power of the items. A proto^ 
typic question wasi 

Vhich of these three animals is the grown-up? (picture choices) 
Why did you choose this one? 

If you did not know which wm the grown-ap, how could you 
find out? 
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Pilot study data vera alao usad to datarmine whathar tha test 
format should be oral or written* Tha items vera first administered 
to 60 third grade children and their responses to the questions vera 
audio-taped* Latar^ 40 of these 60 children took tha same test in 
written form. Questions on the written form ware read aloud to mini^ 
mlae reading difficulties « Administration of the two forma of tha 
test was used as a teat-re test procedure for establishing reliability* 
A correlation of ,87 to »90 between tha two fomm of the teat was con- 
sidered an adequate basis for justifying the use of the written form 
iu tha main study. 

The population for the main study consisted of tha third grade 
children in fifteen elementary schools in St« Paul» Hinnesota* Each 
school served a single sociaL^economic level and included no racial 
minority groups. These schools were classified m serving highg middle^ 
or low soclal*-economlc levels b^ed on property values ^ percent of 
deteriorated houses » average rcom value ^ education of parents t occu- 
pations of parents » statistics from the Bureau of Haaltht and ratings 
supplied by principals and teachers « 

All the children used the same science text and had tha same amount 
of science instruction per week* No one level had all new or experi- 
enced teachers* 

The final sample consisted of 310 fourth grade students in fifteen 
classes in nine schools « 

Test reliability was estimated by use of a Chl-square test of 
interdependence and Hoyt internal consistency* Significant differences 
(*05) were found between the three giraups on 11 of the 15 items with 
the high level classes ^unsweriug all Items correctly more often than 
tha other classes* An internal consistency of *76 was obtained* 



Findings 

A total of five hypotheses were tested* 

One-way AMOVA was used to test the null hypothesis of no signifi- 
cant difference between fhe mean I*Q» acorns (The Lorge-Thomdike 
Intelligence test admlfiistered one month prior to the science test)* 
The hypothesis was rejected (*01) and the Student-Newman-Keuls test 
results Indicated that each group mean was significantly different from 
each other group mean* 

The null hypothesis of no significant difference in the mean level 
of underst^ding of the concepts by the children from the three groups 
was also rejected (*01» Oneway ANOVA) * £adi mean was found to be 
significantly different from each other group memt (Student^Kewman^ 
Keuls) « 



ERIC 



23 



30 



Th« third hypotheaia was of no dlffetenc€ to the mean Uvel of 
concept anderstandlng when the scores were adjusted for 1*Q* dif- 
ferences, Thi» hypothesis was rejected <»01» ANCOVA). The mean for 
the low social-economic group vas significantly lower than that of 
both the middle md high group but there was no significant difference 
between the middle and high groups (Student-Newman-Keuls). 

Percentages of referral were used to test the •*hypothesi8'' that 
there would be no difference in the ways students in the three groups 
would suggest for verifying their miswers or seeking answers to the 
tquestions about the concepts « Observation and experiment were suggested 
most often by all tJiree groups and books and newspapers were the second 
choice for each of the three groups* These two choices were the highest 
for the high group but there was no regular pattern of decrease from the 
high to the middle to the low group and the actual percentages varied 
widely • 

A Ghi--Square test of independence was used to test the iQrpotheais 
of no difference in the n\imber of correct answers given by the three 
groups to the individual items on the concept test. This hypothesis was 
rejected (,05) for 13 of the 15 items. The other two questions were 
answered correctly more often by children in the middle acd hi|,h groups « 



Interpretations 

Social-economic level is a factor that influences children's learn- 
ing of science concepts. This factor needs to be taken into account 
when planning an elementary school science curriculum and the related 
Instruction. Utilisation of the same curriculum materials for all classes 
in all schools within a school system produced different learning outcomes. 
This approach is not consistent with the results of research. Children 
in low socials-economic groups appear to be less dependent on observation 
and experiment for answers to their questions > and their attainment of 
selected science concepts is leas than for children of higher groups 
where the materials consisted primarily of textbooks « Activities- 
oriented programs and more selective use of materials were suggested 
for helping alleviate this problem. 



Abstractor's Notes 

Sequencing the various procedures employed in the study would have 
enhanced the readability of the report. It was difficult to determine 
the exact sequence of events and see how data were used to make de- 
cisions about contl?.uing various parts of the study. It was also diffi- 
cult to determine whether one or two pilot studies vere conducted* All 
comments to be made about the pilot tests^ etc, should be presented to- 
gether and should precede discussion of the main study, Maintaining 
consistency of Iwguage throughout would also help establish the main 
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points of the report » Concept and understendlng ate uaed interchange^ 
ably, but there la no explanation that indl^^^tes whether they are 
interchangeable % This should be done in a study of concept learnings 

Itefetence is made to 36 studies which dealt in some way vlth 
methods of determining concept devel(^i&ent how children think 
they get their inf oriLatlo:; for concept formation hut they were not 
cited. How was the output of these studies used in nuaiklng decisions 
for setting up this study? How did these fcrmer findings influence 
the construction of a test to account for the nature of concept da* 
veloiM&ent in children? 

Wscussions of test construction and establishing test validity 
and reliability would have been enhanced by indicating the slae of the 
initial item pool and the procedures and criteria for reducing the pool 
to 15 items* And can we justify test v^idity hy saying that "the 
items were based on the science concepts found in the science text- 
hook?" Coefficients of test reliability were reported for the pilot 
study but net for the main study. Pilot test data Indicate vhether it 
la advisable to proceed hut they are not ^«^equate for determining 
whether the final study data have credibi. ^cy* There are many factors 
which could completely change the test reliability from pilot to final 
study. 

Including more details about selecting children for testing vould 
make it easier to determine what credibility to assign to the results. 
For example ^ provision was made to use I^Qt as a covarlate hut there 
is no indication whether other variables which Influence concept at- 
tainment have been accounted for by randan selection of students for 
testing. 

A total of 15 questions was administered to the students in the 
main study* But there Is no indication of vhether there is a l5l cor- 
respondence between questions and concepts « And there is no indication 
of the types of concepts included in the study. Vere all concepts 
classificatory concepts » or was there a mix of classlficatoryt rela- 
tional, and theoretical concepts? One can only infer from referrals 
(metamorphosis of a butterfly, motion of the earth around the sun, 
living things, influence of heat on the expansion and contraction of 
materials ) that there was a mix of concept types. Was this accounted 
for in designing the study and preparing test Items? A list of the 
concepts should have been Included in the report* 

The author emphasizes that we should select materials appropriate 
for various social-economic levels. How critic^ is this factor? The 
design of the study does not account for teacher expectations and be- 
havior* How were the existing materials being used? Could the signifi- 
cant differences be attributed to thinfrs other than social-econofidc level? 
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The Implications of the atudy are extrapolated beyond the flnd*^ 
lng8% the study a status study. Yet extensive time Is devoted to 
discussing activitles^oriented science instruction in the introduction 
and the concluding remarks « The curriculum of the participating school 
system vaa text oriented* Don^t children from lower social -economic 
levels profit as much from text oriented science as children in higher 
levels? The ability to profit from school oriented experiences is a 
function of pre^classroom and non^classroom experiences « Can ve gen- 
eraliae so much item a status study? Many factors must be considered 
and controlled in selecting the highest potential for student treatment 
interactions* Oertainly social-economic^ level is a major factor to 
consider^ especially with concept learning so dependent on a breadth 
and depth of quality experiences vith phenomena* 

The study addresses itself to major lines of science education 
research) concept learning and aptitude-treatment interactions* It 
furizher verifies that a careful matching of instructional materials 
and the stage of development of the learner must be pursued* Shotgun 
therapy isn't always productive and dianging one prescription for an- 
other von^t help if ve guess at the symptoms and ignore the under lying 
causes of the malady. 
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Kline » Arlyn "A Study of the Relationship Between Self -Directed 
end Teecher-Directed El^th Grade Students Involved in m Open^ 
Ended Supplementary ESCP laboratory Block/' Journal of Iteaearch 
in Science Teaohinji . Vol. No* 3r263-2?l» 1971, 
Descriptors~*Discovery Learning, ^Instruction* ^Laboratory 
I>rocedurest Attitudes, Earth Science, EducationlJ. Research , 
Science Course Improvement Project, Student Centered Cur- 
riculum (Earth Science Curriculum Study) 

Expandei? M>8 tract and Analysis Prepared Especially for I%S*E« by 
RoUand B. Bartholomew, The University of Texas at Austin* 



Purpose 

Ihe purpose of this study vas to ascertain vhether or not the 
open-ei\ded laboratory block on soils could be learned as efficiently 
by self -directed students as by teacher-directed atudents, and to 
determine students' attitudes and interests toward learning science 
through a laboratoxy*-block discovery approach* 

The six hypothesis tested in the study are? There will be no 
significant difference in 

1^ cognitive understanding of the laboratory block ben^een 
the two groups of students* 

2% post laboratory achievement between students in the first 
session and those in the second session as a resu""! of 
time difference between the two sessions or added insight 
gained during session II « 

3, interest shown toward the block between the teacher^ 
directed and self-directed students. 

4, attitudes exhibited by teacher-directed and self- 
directed students toward Involvement. in future 
laboratory blocks. 

5, difficulty experienced in reading comprehension of 
the block between teacher-directed and self-directed 
students* 

6* difficulty experienced in mathematical calculations 
within the block between teacher-directed and self- 
directed students* 
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The researcher Dxipported his study by quoting from the work of 
Schwib» Bruner» Saehman and Butts, The basic assumptions underlying 
the study ares 

1« students are different in many vaya^ and 

2* instruction must be tailored to meet the different needs 
of tha student s% 



Research Design and Procedure 

The sample consisted of 97 junior high students using the ESCP 
text ~ Investigating the Earth The study began after all students 
had completed the first 12 chapters in the ESCP text« The students 
were randomly assigned to two groups a self^irected group of 49 
students and a teacher-directed group of AS students « Each group was 
further divided into two subgroups for convenience of class siae and 
scheduling^ All groups met for 45 minute periods for 20 consecutive 
days« The researcher taught the two teacher-directed groups and 
served as a consultant to the two groups of self ^directed students* 

The researcher designed the laboratory block materials used in 
study (soils) » At the completion of the laboratory blocks each student 
was given a post-laboratory test designed by the researcher » One day 
later » each student completed a 10-item questionnaire « 

Data gathering instruments included: 

1b the post-laboratory test containing 50 four-item multiple 
choice questions ) and 

2b a student questionnaire containing 10 questions. 

The researcher used standard procedures to determine reliability^ 
item difficulty t cognitive levels of test items > and a weighted re- 
sponse for each question In the questionnaire. Data were obtained 
for evaluating each of the six hypotheses* 



yindines 

The findings were: 

1. No significant differences were found between the two 
groups on the post -laboratory test* 

2. Ko significant differences were found between groups in 
session 1 and those In session II. 
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3* No aignlf leant dlfferencfts w«i:q tmni in retpontes 
on the student questlonnaln between the two groups 
In either Interest or attitude* 

4. A significant difference was found in the degree of 
reading difficulty between the two groups* The self 
directed students had the most difficulty. 



Interpretations 

The researcher states^ ^'...it appears feasible that sisdlar blocks 
could be developed » not only to supplement the £SCP text, but also for 
other areas of junior high sdiool science**^ Also, the researcher felt 
that the high percentage of students (96 percent found the block in*- 
teres ting and 90 percent indicated they would like to do similar work) 
indicated that the block provided a dimllenge and freedom and flexl^ 
bility for each student « 



Abstractor's Kotes 

In this study the researcUer made a strong case for the necessity 
to develop teaching materials that would fit the individual needs of 
students* However, he set up a laboratory^block that all students 
were required to take* What provision for individual differences were 
made within the teaching of the laboratory block were not described nor 
tested and were clearly not considered in his analysis of his findings 
Thus, the study Is built around a premise that is not examined* The 
reviewer is left with the opinion that what the researcher vanted to 
examine was not studied* 

The analysis of the experimental results begs many serious cues- 
tions* For example, since no significant differences were found oe* 
tween the two groups — except for reading cosq)rehen8ion is it 
logical to propose that similar blodcs could be developed? Vould more 
blocks prove anything? What is gained by one teaching procedure over 
another? This study indicates no gain in favor of either self^dlrected 
study or teacher^directed study* 

Obviously, the researcher worked hard on this study and he pro- 
duced some challenging materials* however ^ after it's all over, the 
reviewer is left with the impression that the researcher's origins] 
question was in error* What he set out to do could not be done with 
the tools he used. 
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Koraii) John J»» Jr«» Study of the Effects of Written wd Film- 
Htdlated Hdd«X« on the AcquleltlOA of Science INB^dilng Skill 
by Preeervlce Ble&entery Teediete/* Journel of lleieerch in 
Science Teechintt . Vol* 8, No» li45*50, 1971, 
~5««crtptot«~*Cle8«irootD Observetlon Techtilques, Questioning 

Techniques I Evaluation i Instructional Fllins^ Models » Pre-^ 

service Education 

Expanded Abstract and Analysis Prepared Especially for I«S.£« by 
Judy C* Egelston^ tJniversity of Rochester » 



This study compared two nothoda of teaching questioning techniques 
to preservice teachers with the hypothesis that the method using a 
film of model questioning behavior vould be superior to the reading of 
a script of the film* 



Rationale 

When attempting to change and Improve teaching behavior^ research 
results suggest that observational learning may be more efficient and 
effective than the traditional approaches of listening to a lecture or 
reading information* Accordit« to Koran 9 the film-inediated modeling 
procedure where the preservice teacher observes the actual filmed per- 
formance of the desired teaching skill has been shovn superior to 
written aodels for some tasks* Is observation-classification question^ 
Ing skill one of these? 



Research Design 

Variables High school student raters evaluated questions written 
by three groups of science methods students before viewing the models 
and after each of two exposures to the models* The Independent vari- 
able included a third treatment group of students as a control since 
they did not experience any model « The dependent variable was the total 
number of appropriate observation and clarification questions asked* 

Conditions A total of 31 undergraduate finale elementary educa- 
tion majors » who were members of the «i thorns science methods class » 
were randomly assigned to one of three groups* One group spent 14 
minutes vlewli^ a film of a teadier uring appropriate observation- 
classification questions with a class of first graders who were working 
on a unit from Science - A Process Approach ^ A second group was allowed 
14 minutes to read a script of the film, and a third (control) group 
received unspecified placebo materials for 14 minutes* 



Purpose 



30 




ERIC 



T€«tlnR All 31 subjects were glvM the materials from a kit from 
the S^APA program for a first grade unit «id were directed to write 
questions which might be used with a first grade class % Three high 
school student evaluators were given the questions by random assignment 
to evaluata as appropriate for observation or classification questions 
for the kit of materials « These data were planned as a pretest, but 
they could not be used as a pre*-treatment covarlate because of lack of 
parallel regrasslon lines « Hence , there were no tests for between group 
differences carried out« 

The three groups spent 14 minutes exposed to their respective models 
and were again asked to generate written questions, which were again 
scored by the secondary student evaluator to form the data for trial two* 
A second exposure and follow-up question writing session comprised trial 
three. 

Analysis Only within group data were investigated, using a one- 
way AHOVA (trials by subjects depign). The changaa in frequency of 
questions over the three trials vers displayed in a bar graph % 

Hesults The film-mediated and written models produced significant 
(p < *0S} gains in questtcnlng skill frcm the pretest to trial threes 
The film*medlated model produced significant gains over the control group* 
By the third trial the written modeling group wrote significantly more 
questions than the control group. 



Interpretations and Generalisations 

The written model may be particularly eff ectlva in training indi* 
viduals who initially do poorly in writing obBervation^lasslficstion 
questions, while those trained In questioning skills with a fllm-madiated 
model reach a ceiling of performance with highs r level rasponsas sudi as 
classification questions* Written models* since they are mora practical, 
less expensive, and as effective as fUm^wdiated models, would seem the 
better recomended method* Both methods appear promlalng to teach quae*' 
tioning skills to preservice teachers* 



Abstrsctor^s Notes 

Unfortunately t it would be impossible to replicste Kwan^a study 
bacsuse the procedure is not adequately described* Be nevar explains 
exactly what the 31 subjects do In the three trlala* Some Infoimation 
may be Infarred from the tables » but the report does not explain the 
tables* One may also wonder why there were two exposures to tha models « 
Perhaps one was used for observation questions and tha other for class!'- 
flcation questions. The control of timing the exposure to the written 
model would seem a sham* Even if the length of tha film (14 minutes) 
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included tlMs vhM no v«tb«X int^nctlon took placoi it does not aom 
roMonabX« to M»uuui th«t aubjeeta would be ablo to porform «s voll If 
thoy did not finiah reading tht «OTipt in tha lA vdnutaa. Or «ltar<- 
nataly^ tha vrlttan modal group may hava had anough tlna to raad tha 
acript mora than onca% 

Tha raidar ia not informed about tha relationship of tha three 
high achool atudanta to the aubjatta* It ia also Impoaaibla to tall 
from the report how the ratera vare trained. It la never clarified 
whether the ratera were blind to the treatment of the aubjecta whoae 
queationa they were rating. If the experimenter hypothealaed that 
thoaa aubjeeta who aaw the film would perform better » then ratera may 
have been biaaed by this information » in apite of random aaaignmant of 
queationa. 

Koran appropriately choae not to teat the between group ccmpari- 
aona aa planned becauae of lack of parallel ragreaaion linea* However » 
they could have been tea ted by uaing an AKOVA model with multiple con*- 
treat procedurea contrasting cell meana <2 wi^ model) % 

The author inveatigated differencea in performance in queationing 
akill between trial one (pretest) and trial three « It would seem 
intereating and more critical to exnine the differencea butween triala 
one and two^ aince the data in the bar graph indicate that thia ia 
where moat of the behavior change occurred % Examination of figure 1 
would alao lead one to question whether Koran ran a check on the ade- 
quacy of randomisation of subjects to groups. It certidnly appears 
that the poor questioners were I'imped together « The way Figure 1 
appeara alao leads the reader to believe that the relative gain of the 
two groupa ia equivalent. It might be suggested that the experimenter 
perform a l^ay ANOVA on the pretest scorea to look at the gain scores 
between groupa » 

Koran hypotheaiua a hierarchy (controls written < film) but never 
teata it or diacusses it* While it is racogniised that analysis of 
gain acorea haa limitationa, it ia better than nothings especially in 
light of his original hypotheals. Hie most appropriate analysis would 
be a split plot ANOVA* Koran 'a atu^ waa intereating and well planned » 
Unfortunately he never got at where the differences betmen groups or 
within groups lie. 
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L«iflor» Francis X« and Elizabeth P« Lawlor^ ^^Taachar Expactationa : 
A Study of Thair Gatiasla/* Scianca Educarien ^ Vol« 57 « No% li 
9-14» X973. 

Daacrlptora**'>*Abllity Idantlficatlon, ^Prasarvlca Education, 
^Studant Ability » ^aachar Chara^tatistlcsi ^Teaching Skills « 
Educational Eeaaarcht Elemental^ School Teachara^ Science 
Education I Teacher Attitudes 

^ Expanded Abstract and Analyais Prepared Especially for*»t«S«E» by 
Donald £« Riechard» Emory University* 



Purpose 

The three^part problem was defined as; Finding out 

1. Whether in fact teacher expectations (judgments of a 
child ability) vould be consistent despite a brief 
observation period. 

2. Whether these judgments vould be formed ti^ith an 
absolute minimum of verbal cues^ 

3* Whether there were some salient behavit^ral cues which 
were used to form these expectations. 



Rationale 

This study is broadly grounded in the notion that teacher expec- 
tations of student performance function as self-fulfilling prophecies* 
The research and writing of Rosenthal and Jacobson^ rhcmdike» Good 
and Brophy, and Rowe are referenced. The auchors attribute their 
specific interest to the fact that undergraduate student teachers 
working on science lessoiis in microteaching situations consistently 
expressed evaluations of student ability after a 15-mlnute contact 
with the children* 



Research Pcsi&n and Procedure 

The subjects were 72 college undergraduates enrolled in four 
sections of an elementary school science methods course* The stimulus 
was a video tape of t\o 10-minut« science lessons involving a bulbs* 
aiid-batteries exercise with second graders from an inner city school* 
The first lesson involved five children; the second lesson involved 
four children « 
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The aubjecta viewed the tapes Iti groups of twenty and were asked 
to make written anonymoua responses* There were two vlewlngs of each 
tape* On the first vievlng ^ subjects were asked t 

? • To rank order the children or at least to identify the 
top and the bottom student in terms of ability* 

2* To list the clues used in mcklng the ability judgments* 

Subjects were told that if they did not have sufficient information to 
make Judgments « they should indicate this fact* 

In the second vievin|p t the tape was stopped every two minutes or 
upon demand of a subject. At this point each viewer was asked: 

1* To suggest a specific teaching action that might be 
appropriate. 

The data were organized in three tables and two graphs. B^sults were 
also presented in written (sentence) form* 



Findings 

This abstractor summarized the results as follows: 

1* Five subjects (14 percent) did not rank the children* 
Two of these stated that there was not sufficient in- 
formation on the tape* 

2. On lesson 1 > 72 percent of the subjects agreed on the 
highest ability child and 80 percent agreed on the lowest % 

3. On lesson 2 ^ 50 percent of the subjects agreed on the 
highest ability child and 64 percent agreed on the lowest* 

4. Approximately 20 percent of the subjects gave no reasons 
for their rankings, 

S» The 248 '^reasons for rankings'' that were given were 
classified as follows: 

a* There were 149 ^'unsubstantiated inferences 

b* There were 109 "factual observations*'* 
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'6* Subjects Hated a total of 171 teaching actlona 
f teaching inoves)* 

a. Twice as maiiy teaching actions vera directed 
at the ^^Aost able^* children than at the 
''least able J' 

b^ Forty-seven percent of the teaching actions 
suggested vere vagxie and general despite 
Instructions to be specific* 



Interpre ta tlons 

The abstractor summarized from the authors' conclusions as 
follows: 

1« Apparently t the function of the teacher as the judge and 
evaluator of pupils is so much a part of the teacher role 
that the student teacher Is very easily pushed into making 
these judgments even when the evidence for judging Is ex^- 
tremely sklmp>« 

a« There is most agreement among judgments on the 
high and low ends of the ability scale* 

2« Apparently » it is difficult to link ability judgments with 
specific observed behaviors* 

a. The use of "speed of task accomplishment" as a 
basis for judgments In the absence of verbal cues 
is consistent with the use of timed intelligence 
tests, the criteria for the College Quiz Champion- 
ships and the brief 'Vait Time" exhibited by 
teachers at all levels % 

3« MtkBXi a teacher must decide what moves to make in order to 
fulfill her instructional role> she is anxious to help 
those with low ability and to recognize the accomplishments 
of tho8£ with high ability « The end result of these two 
tendencies is to direct a greater nuinbei: of moves toward 
the high ability children and to place the low ability 
child in a role subordinate to both his teacher and his 
more able peers* This may be a factor contributing to 
the "Pygmalion Effect," 
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In order to preserve the research report Integrity and the 
authors^ intent, much of the above is quoted directly f r^ the article* 
In several Instances, however, the authors^ comments have been sm-* 
marixed and/or reorganised ao as to make them appropriate for this 
abstract* 

The most important of the concerns expressed belov have to do 
largely with the "tightness" of the study ~ that is, with the pre^ 
ciseness and clarity of the problem statement and with the direct lines 
of relationship leading ixom that problem statement through the pro^ 
cedures, results, and conclusions « 

The Problem and Procedures It mi^t be useful to comment first 
on the clarity of the problem statements The first part of that state^ 
ment deals with, **Whethet in fact teacher expectations (teacher judg- 
ments of a child *s ability) would be consistent despite a brief obser- 
vation period*" It does not become clear until later in the paper that 
^'consistent" really means the number cr percentage of the subjects who 
would agree on an individual child ^s ability rank* Another point of 
confusion is the phrase "*.*despitc a brief observation period*" Does 
this imply that teacher expectations are "consistent" over a "long" 
observation period? 

The second part of the problem was to find out, "Whether these 
judgments would be formed with an absolute minimum of verbal cues«" 
What does "absolute minimum" mean? The authors state that, "Avery 
noisy soundtrack on the tape limited the number of audible verbal 
cues*" The problems of interpreting such statements relative to ver- 
bal cues could have been eliminated by simply shutting off the audio 
portion of the tape. 

The formal problem statement did not include reference to teach- 
ing actions among the three things the authors sought to find out* 
However, data were collected on reaching actions (teaching moves). 
Those data were presented and discussed in the paper* Granted, in 
the general discussion of the problem^ the authors did question, 
^*How do these judgments relate to teaching strategies?" If, however, 
that question were to be one of the formal questions investigated 
(and it evidently was) , then it would most appropriately have been 
enumerated along with the other three parts of the problem* 

The sample of 72 subjects seems quite adequate. A question might 
be raised ^ however, about the nimober of children available for ranking 
by the subjects in each video taped lesson* ¥it ) five children (first 
lesson), each child to be ranked represents 20 percent of the to*.al; 
in the second lesson with four children, each child represents 25 per- 
cent of the total. Therefore, the "chance alone" probability of a 
child being placed at any particular rank is quite high. 
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The Re8ulr.9 Results of the study are presented effectively* 
There is some duplication of effort in that the graphs of Figures 1 
and 2 are simply different v^s of presenting the same data found in 
Tables I and II » respectively* It is questionable if the dual pre- 
sentation is necessary in this particular research report but it 
(dual presentation) is certainly a valid technique >^en data are 
difficult to interpret • 

It might be noted here that tables should always carry descriptive 
titles* Table III in this study was not titled (most probably due to 
a simple oversight) . 

The Conclusions As a matter of style, conclusions are more easily 
understood if referenced directly to the problem statements This can be 
accomplished with re^-statements of research hypotheses or questions so 
that each answer , as determined by the investigation, can be stated 
explicitly in close proximity with its corresponding hypothesis or 
question* Conclusions in this study were presented in a general dis- 
cussion form without direct reference to the research questions or how 
those questions should be answered* 

Conclusions in this investigation seem mainly to be reiterations 
of the results of the study. While this is quite legitimate, it is 
generally helpful when additional interpretations and/or implications 
are presented* For this study, such questions as the following come 
to mind: 

1* What are the implications of this research for classroom 
teachers? 

2« What are the implications of this research for teacher 
preparation programs? 

3* What ate the implications of this research for future 
investigations? 

Speaking specifically to the stated conclusions in this research 
report, the abstractor presents the following comments and questions i 

1* It is stated that subjects were easily pushed into making 
judgttients on childrens' abilities even when the evidence 
for judging was extremely skimpy* Question^ When the 
Instructions were given to the subjects, were they (subjects) 
made to ^'feel," inadvertently, that making a judgment was 
**better'' than not making a judgment? 

2, The terms ^'teacher" or "teachers** are used in parts of the 
conclusions* Questions— Bo the authors Imply generalizing 
from "72 undergraduates" to '^tt&achers** as a whole? Woulu 
the results of this study differ if the subjects had been 
experienced teachers? 
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3* It is stated that basing ability judgments on "speed of 
task accomplishment** is consistent vith several practices 
including "♦♦♦the brief *Wait llme^ exhibited by teachers 
on all levels J' Question- ^Vhat is ^'Walt Tiiae"t 

Finally » the authors ate commended on the caution used in inter- 
preting their data relative to the self-fulfilling prophecy C'Pygmalion 
Effect**) referred to in the opening paragraph of the study* Their in- 
vestigation concerned student- teacher judgments about children *s abil- 
ities and did not treat the effects that such Judgments might have on 
children or teachers. Writers sometimes fail to distinguish between 
empirical findings and hypothesized relationships. The authors* cau- 
tion is exemplified as they interpret a portion of their results vith 
the statement > *'This factor may be a factor contributing to the 
^Pygmalion Effect.^** (Italics added by the abstractor for emphasis^) 
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Hackay, Lindsay D*, ^^Development of Understanding About the Katura of 
Scli^nce." Journal of Researi:h In Science Teaching , Vol. 8^ No. Is 
57-66, 1971. 

Descriptors— ^Attitudes, ^Evaluation, ^Scientific Enterprise, 
Integrated Curriculum, Secondary School Science « Scientific 
Literacy 

Expanded Abstract and Analysis Prepared Especially for I«S*£^ by George 
O^Heam, The University of Wisconsin at Green Bay« 



Purpose 

Hackay designed this study **to use TOUS <Test on the Understanding 
of Science) to laeasure the changes that occur in students* understanding 
of the nature of science as they study integrated science courses in 
Grades 7 to 10 of Victorian secondary schools (Victoria, Australia) 



Rationale 

Understanding the nature of science is cited as ^^one of the inost 
cosnnonly stated objectives for science education** and ^*probably the 
most important purpose of science teaching Supporting statements on 
the place of the nature of science in developing scientific literacy 
are presented from the American Association for thi» Advancement of Science^ 
the Commission on Science Education, the Intamational Conference on the 
Education of Professional Physicists and the Organisation for Economic 
Cooperation and Development. Hackay does not attempt to define the nature 
of science but, rather, relies on the Cooley and Klopfer analyses of the 
nature of science as represented In the TOUS test. Form W, Previous re^ 
aeatch on the nature of science and assessment of student understanding 
of the nature of science is cited and includes the published research by 
Welch and Pella who used the Science Process Inventory and Ximball vho 
used the Nature of Science Scale.. In addition, it was reported that 
several forms of TOUS have been used by Schmidt, Miller, Broadhurst, 
Trent, Crumb and Klopfer* 

No indication is given on the aphasia which the nature of science 
receives In the integrated science course curriculum which is indicated 
in the schools in the study* Ko information is available on the rela- 
tionship of the content or scales of the TOUS Test with the established 
curriculum* 
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Research Pesl&p and Procedure 



Using the TOUS Testes Items and Sub-scales as a criterion ref^ 
erence^ Hackay obtained data from a random sample of three state high 
schools in Helboume^ Australia* The test was admltiistered to students 
studying Science in Grades 7, 8^ 9 and 10 at the beginning of the 1968 
school year, and after the final examination at the end of the same year* 
The initial population included 1^556 students « 

No attempt was made to Identify or control variables sud:^ as cur- 
riculum variation, school size or socio-economic factors* It is nc4.ed 
that Science is compulsory in Grades 7 and 8, but it is an elective in 
Grades 9 and 10* 

The basic design of the study provided for status assessment, using 
the TOUS Items as the criterion reference* No attempt vas made to 
establish controls or manipulate variables* 

Analyses of results proceeded on this basis* Results were obtained 
from both male and female students at each of the four grade levels* 
Dataware analyzed, using statistical techniques, If^cluding ^*t" tests, 
estimates of reliability and Chi Square* GaiiK scores were calculated 
for each grade for males and females. Frequency gains were examined on 
individual items, using data from the staift of the year for Grade 7, 
and from the end of the year for Grade 10.. 



Findings 

G«in scores were partitioned into ^^ean gains in test^ taking 
ability^' and ^Vean gain due to improved performance on TOUS items, 
using a calculation based on the number of ^^students correctly answer^ 
Ing questions on the second occraion which had not been reached on the 
first occasion**^ From this analysis. It was concluded that "a higher 
proportion of students completed TOUS on the second testing than on the 
first testing and, for some groups, this accounted for as much as 50 
percent to 60 percent of the increase in mean scores on TOUS from the 
first to second testing*** 

Significant gain scores were reported at each grade level when the 
eud-of-the-year scores were compared with the starting scores* The 
**null hypothesis was rejected in favor of the alternative hypothesis 
that there had been an increase in the probability of correctly wswer^ 
ing TOUS Items between the first and second testing for the group of 
males in Grade 7 and f emales in Grades 7, 8, 9 and 10*" 

"The proportion of students correctly answering TOUS Items in 
Grade 10 was significantly higher than for the Grade 7 group for both 
male 4md female students on 28 items*" Further analyses of these data 
resulted in the identification of the following "conanon deficiencies 
in students' appreciation of the nature of science*** 
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Area I s Understandings About the Scientific Enterprise 



Students conmonly shoved a lack of appreciation of (1) the in- 
fluence of the people and government on scientific activity; (2) the 
role of creative endeavor in science; (3) the dynamic » expanding and 
on^going nature of the scientific enterprise; (A) the functions of 
scientific Journals; (5) the contributions of past findings in sci* 
eutific research; the functions of scientific societies; (7) the 
contribution of scientists in many countries in advising United Nations 
agencies* 

Area II * Understandings About Scientists 

Common misunderstandings were that scientists (1) do not need to 
be creative; (2) use ^^scientific attitudes^* when they vere doing almost 
anything; (3) spend every possible minute in the laboratory; <A) have 
honesty and self-^criticism as personal characteristics; (5) are bom 
with a special scientific aptitude; (6) are serious and intelligent 
people* 

Area III : Understandings About the Methods and Aims of Science 

Students commonly exhibited a lack of appreciation (1) of the 
functions of scientific models; (2) of the roles of theories and their 
ndationships to research; (3) of the distinctions between hypotheses ^ 
lavt and theories; (4) of the relationship between experimentation* 
mo^lels and theories and absolute truth; (5) that science is not solely 
concerned with collection and classification of facts; (6) of what con- 
stitutes a ^'scientific explanation^*; (7) of the difference between 
science tod technology; (8) of the close interrelationships between 
and interdependence of the different branches of science* 



interpretation 

Mackay concludes that there is a need to develop teaching materials 
to improve the students^ understanding of the nature of science and that 
'•until such time as these materials exists one of the most important ob- 
jectives of science teaching will largely fail to be achieved**' 

Abstractor's Notes 

This is an assessment of TOUS scores on a population of students 
in tnree >lelbournet Australia high schools* A research design is not 
provided and key variolas are not controlled* Characteristics of the 
populations in the three selected high schools are not discussed and 
the curriciilnm is not mentioned * so the reader is left to speculate 
about the relevance of the TOUS Test to the curricular objectives md 
emphases* Cultural and linguistic variations are not considered and 
the philosophical bases for defining the nature of science are not 
discussed* 
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The Intent of assessing students* understanding of the nature of 
science is laudable and the use of an instrument such as TOUS to obtain 
bench mark data is defensible* 

Mackay does use these data In an attempt to demonstrate the defi- 
ciencies in students' understanding of the nature of science % The 
statistical techniques employed are of questionable value and» perhaps^ 
of questionable validity, given the myriad of uncontrolled variables 
and assumptions* For example ^ there is no statement concerning the 
homogeneity of the school populations while this is a necessary assump- 
tion of the employed statistical procedures « Additional information is 
also needed on the procedure employed in partitioning gain scores 
Finally, analyses of gains on individual items imply a substantial 
level of item validity . Additional infomi^tion on this and the other 
points would have been welcomed by the read^sr- The many questions 
raised by Mackay are significant but the hoavy dependence on statistical 
processes and the lack of control over serious variables obfuscates an 
otherwise important study. 
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Philllpd^ Datrell C*t ^^The Development of the Concept of Dlsplaconient 
Volume! A Hierarchial Model and Its Partial Teatlng Under Two 
Methods of Presentation*^^ Jonmal of Reaearoh in Science Teaching > 
Vol. 8, No» 1:9-^19» 1971* 

Descriptot8^^*Coneervation (Concept), ^Cognitive Processes, 
^Eletoentary School Science, ^Learning Processes, Learning, Models, 
Organization 

Expanded Abstract and Analysis Prepared Especially for I*S*E. by Jarry 
Horn, The University of South Dakota. 



Purpose 

The primary purpose of this study was to investigate the possible 
existence of a sequential set of conservation concepts which lead to 
the conservation of displacement voliuiia« A secondary purpose was to 
examine tvo different methods of task presentation (graphic presentation 
and object presentation) « The hypotheses reflecting the stated purposes 
and tested In this study were: 

(1) H^: Success on the conservation tasks utilized in this 
study is tiot related to a hlerarchlal sequence in the 
order predicted by the model* 

(2) H^: There will be no significant difference of mean 
scores on the conservation tasks between subjects in the 
Graphic presentation and subjects in the Object presentation » 



Rationale 

The ^^rediscovery*' of the work of Piagat (1) by American scientists 
and educators has produced a remarkable amount of interest in Piagat ^ 
type cognitive research, and replication and training studies based 
upon Piaget^s work have been reported in profusion^ but investigations 
attempting to explore the substructure or prerequisites of certain con- 
cepts have been relatively few in number^ Curriculum development, 
especially in science and mathematics, has also reflected the impact of 
Piaget^s work, but often the results have been disappointing* At first 
glance it may appear that a well-defined science or mathematics cur- 
riculum can be derived directly from Piaget*s stages and substagas of 
intellectual development, but such Is not the case* The levels of • 
development, as outlined by Piaget, are extremely broad and lack the 
prerequisite sequencing necessary for curriculum developments 

The possible existenca of a sequential set of consarvation con- 
cepts which lead directly to the conservation of displacement voluise 
and suggested by Piaget's model is of particular Interest in this 
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study becausti of the doubt raia«d In a study by Lunzer <5)» Other 
rM«arch findings by Plaget (4), Lunaer (5)» Lovell (6)» Lovall and 
Ogllvie (7)t and Uzgitls (B) raise questions about the idea that in- 
terior volume is conserved before displacement volume % 

The literature indicates that there is at least a three- or four- 
year time lapse between the conservation of interior volume and the 
conservation of displacement volume « There is some disagreement » how- 
ever, as to the proportion of eleven- and twelve-year*-old subjects vho 
have attained conservation of displacement volume. As U^giris <6) has 
pointed out, this discrepancy may well be caused by the type of mate- 
rials used and the methodology employed in the task protocols « 

The data from the research literature and a pilot study by this 
author prompted the postulation of a hypothetical model leading to 
attainment of conservation of diaplacment volume. The model follows 
as a table* 

Proposed Hierarchical Model of Conservation Concepts 
Leading to Conservation of Displacement Volume 



tevel 


Conservation Concept 


Materials Transformation 


1. 


Continuous quantity 


Water 


Shape 


2. 


Discontinuo-is qumtity 


Blocks 


Subdivision 


3, 


Interior volume 


Blocks 


Position 


4« 


Interior volume 


Blocks 


Shape 


5* 


Displacement volume 


Clay in vater 


Position 


6. 


Displacement volume 


Blocks in water 


Position 


?• 


Displacement- volume 


Clay in blocks 


Position 


8. 


Dis«#lAC( Jient volume 


Blocks in blocks 


Position 


9* 


Displacement volume 


Clay in vater 


Shape 


10« 


Displacement volume 


Blocks in vater 


Shape 


11. 


Displacement volume 


Cl^ in blocks 


Shape 


12. 


Displacement volume 


Blocks in blocks 


Shape 



Besearch Desien and Procedu re 

This study employed the individual interview technique with two 
methods of task presentation: (1) Object Presentation, i.e., equipment 
and standard protocol; and (2} Graphic Presentation, i.e., line draw- 
ings, no equipment, but the same protocol w object presentation. 
Levels 1, 3, 6, 8, 10, and 12 of the model were chosen for examination. 
Level 1 was investigated in Task I, and Level 3 vas investigated in 
Task II* Since Levels 6 and 10 deal with the displacement of vater. 
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th«y wete comblntc^d Into Tank III; in like manner ^ Levels 8 and 12 
(displacement of blocks) were combined into Task IV « 

The experimental swple was composed of 120 children selected from 
two Tallahassee » Florida^ public schools* Three constraints were im** 
posed upon the selection: 

1» Forty children were selected from each of three grades 
{3| 5 and 7). 

2* An equal number of males and females were selected from 
each grade. 

3, All subjects had an I,Q. score within the range of 100-200 
as measured by the California Short*"Form Test of Mental 
Maturity > 

After the sample Vas selectedt each subject was randomly assigned to 
either the Object Presentation Group or the Graphilc Presentation Group* 
Each subject was interviewed individually by the experimenter, and all 
questions and responses were oral and were recorded by a concealed 
audio tape recorder* All subjects were given the same selection task 
and the same four conservation tasks, but the order of the conservation 
tasks was randomized* These tasks are listed below^ and a brief descrip- 
tion of the selection task is provided* 

A* Selection Task - This task, presented first, was designed 
to make certain the subjects used in the study knew two 
basic facts: <1) that when an object is placed in a con- 
tainer of water, the water level rises, and (2) a large 
object causes a greater rise in water level than a small 
object. The task involved the subject's prediction about 
the comparative displacement of water by two cubes of 
obviously different volumes in beakers of v ^♦er* If a 
child could not predict correctly, he waa ^eted from 
the study* 

fi* Task 3 Conservation of Continuous Quantity (water) » 

C* Task II: Conservation of Interior Volume* 

D* Task III: Conservation of Displacement Volume - Con- 
tinuous Medium Displaced (water)* 

E* Task IV: Conservation of Displacement Volume Dis^ 
continuous Medium Displaced (blocks)* 

Each of the four task protocols was composed of two sub tasks and re*- 
quired that the subject give separate choicer-reason responses* In 
order to receive a passing score on a subtask, a subject has to state 
a reason based upon one or more of these categories: (1) logical 
necessity, (2) compensation, and (3) reversibility* 
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Using a modified Guttman (16) scalogram analysis > the saquantial 
dependency of the tasks vas detaxm^ned. This statistical procedure 
allowed determination of a coefficient of reproducibility (R^^p) > and 
the minimum marginal reproducibility (M^) » 

The percent of subjects passing the tasks varied from 5 to 100* 
The order of the four tasks as obtained from the scalogram analyses 
vas not the anticipated order of 1, 11 » 111> and IV> but 1^ Hi IV^ 
and 111. Since the R is a true measure of the scalability of a 
group of scores vhen no*^item is passed or failed by over eighty per- 
cent of the subjects » the data for Task 1 were eliminated and a second 
set of scalogram analyses was computed for Tasks II II1» and IV* The 
obtained order for these tasks was II > IV, and III. Using the same 
procedures and eliminating the data from Task 1» scalogram analyses 
were computed to determine the scalability of the subtasks^ The order 
of the subtasks obtained from the analyses was Ila^ Ilbt IVb, llla, 
IVat and IHb. A test of significance as reported by Chilton (22) 
indicated that the obtained values of R^^ could occur by chance in 
only five out of one hundred such presentations « 

An analysis of variance vas computed for Tasks 1^ II> III9 IV, 
and all four tasks combined « Significant f ratios (,05 level) were 
obtained between grade levels, but not between types of presentations* 

Correlation coefficients were computed to examine possible re- 
lationships between total score on tasks and 1*Q. score* The corre- 
lation coefficients ranged from 0»01 for grade 5 to 0.19 for the com- 
bined data from grades 7, 5 and 3« 



Internre tat ions 

Relative to the models the hypotheaia that the tasks used in this 
study are not related to a unidimensional scale In the order predicted 
was not rejected. The tasks were related to a unidimensional scales 
but the obtained order of Model Level* was It 3> 8> 10, 12 and 6, The 
type of presentation (graphic or object) was not found to be a sig- 
nif leant variable, but the actjuisltion of these science related con- 
cepts was shown to be slgnlfic^tly different (.05) between grade levels. 

The investigator suggests research to further test all levels of 
the model and the model Itself should be elaborated and extended. 
Also, additional presentation techniques, such as paper-and-pencll and 
other audio visual methods, need to be investigated. From an applica- 
tion point of view, the hiersrchlcal sequence and the two modes of 
presentation open several possibilities fo*^ teaching the concept of 
displacement voltu&e* 
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Abstractor's Notes 

The review of the literature, including the work of Piaget, Uzgiris, 
Elkind, Level 1, Ogilivie and others, has raised sone real questions about 
cognitive development, particularly related to the development of con* 
servation concepts. The casual reader may easily read one source and 
fail to pick up the contradictions ^d/or potential contradications in 
the findings of another person^s work. Phillips seems to have been par- 
ticularly acute at identifying points for further study* A survey of 
the listed references repeals that most of the literature offered for 
review was published within a relatively short period of time, ten years 
or less* Was there no significant: research work on this topic prior to 
1960 except one by Piaget and Inhelder? 

The hierarchical model proposed for testing of its validity held 
up remarkably well in this study. Phillips indicates that the model 
was postulated from his review of the literature and the data from a 
pilot study* Since the pilot study was referenced as his unpublished 
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dissertation » on<$ might sutipect that it was rather carefully done and 
was scrutinized by s%2veral persons > either as the research topic of the 
dissertation or as a preliminary s^tudy to the dissertation « 

The research design in this study is clean and focuses on the tvo 
main purposes of the study « The relationship between the levels and 
the tasks is clearly identified, and the exclusion of Levels 6» 8, 10, 
and 12 is mentionea» but the specific reason(s) for exclusion is missing* 
The statistical treatment of the data relative to the two main hypo^ 
theses is well documented and seems very appropriate* The reported 
correlation coefficients for total score on the conservation tasks and 
IQ seem foreign to the stated hypotheses* Furthermore, the IQ range of 
100-120 would <%eriously reduce the expectation of finding significant 
correlations between these two variables^ 

The strength of this research study lies in the investigation of 
a model that can and should be tested and retested to establish it as 
viable for procedures of application* As mentioned in the study, much 
curriculum development professes to be compatible with the development 
of the child, A simple model such as described would provide access to 
vast amounts of research through this hierarchical sequence. 

The researcher mentioned that it is not uncommon to note almost 
word-for-word repetitions of reasons between subjects vho received ob- 
ject and those who received graphic presentation. The subjects of this 
study wete selected from a rather small geographic area and a narrow IQ 
range of 100-120, The generalisability of the finding to other areas 
and different cultuial and Intellectually capable children would be im- 
portant information^ 
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Schuckt Robert F»> "The Ini luunci? of sSt^t Induction Upon Pupil Perception 
of Eft'^ctiv^ Teaching* Achievement » and totention in Units on 
Respiration and Circulation in the BSCS Curricula.'' Jouma i of 
Research in Science Teaching ^ Vol. 8^ Ko. 1:51-56 » 1971. 

Descriptors — ^Biology, ^Learninjj Processes, ^Secondary School 

Science, Achievement, Evaluation 

Expanded Abstract and Analysis Prepared Especially for 1»S,K. by 
William G. Holliday, The University of Calgary*. 



The por^ose of thii. study vas to investigate a set induction train-- 
ing progrant iesigneu for prt?service biology tisachers* The effects of 
the program were evaluated in terns of achievement gain scores of high 
school students taught by teachers trained in set induction compared 
with students taught by teachers receiving a placebo treatment. 



Rationale • 

Set induction is a tendency in a learner to view and approach a 
situation (e.g., problem) in a predetermined manner as a result of 
initial instruction* Tn the pr»^sont study this instruction purported 
to facilitate conti^^nity "through the use of analogy rather than by 
simple association"* It was previously demonstrated that pupils of 
preservioe teachers who received set inductive training achieved higher 
gain scores. In addition, those teachers who incorporate jset induction 
techniques into their instructional strategies were perceived as more 
effective teachers by their students. 



Research Design and Procedure 

Eighteen preservice teachers wer> randomly assigned to a set in-- 
duction training treatment or a control group, Eacn teacher was also 
randomly assigned to 10 students who wore randomly selected frc»n a 
pool of 180* Student achievement (short and Icng term retention) pre- 
and posttests and a t^^acher achievement test represented the dependent 
variables. Teacher *s knowledge of the material taught in the classes 
was evaluated to establish the lack of information bias gained In either 
treatment group. An introductory training session and three biweekly 
sessions were attended by all teachers during eight week experiment* 
The experimental group studied set induction and its application to the 
biology classroom. The control group received the relevant subst^tive 
parts of the BSCS biology curriculum. Students were taught two foui- 
week units and evaluated at the end of each unit (short term retention) • 



Purpose 





Long t^rm rei%intiun ti^j^tn vere administered subsequent to the teaching 
sessions five w^k^oks lutor {n*spir^tion unit) and two veeks later 
(circulation unit). 



Findings 



Studtcint gain scores on the short and long term tests covering the 
respiration and circulation units generally favored (p<. .01) the set 
inductive trainee classes, Tlie F ratios were unusually high. No sig*- 
nificant differences vere lound between either the experimental or con* 
trol groups in terras of teacher knowledge on the substantive biology 
?aaterial» 



Interprotations 

This stu4y demonstrated that a set induction training program for 
preservice teachers can positively affect short and long student achieve- 
ment* These results are generally consistent with similar set induction 
experiment^ in teacher education* 



The ef lectiveness of set induction as a teaching skill has been 
established by previous teacher education research as cited by Schuck% 
However, aany researchers hav*^ noted that set induction t_an have an 
unfavorable instructional effect on learners* For example, Luchin, 
and Birch and Kobinowitz in classical experiments have demonstrated 
that a learner who is predisposed to view certain problem types in a 
particular way can be at a disadvantage in solving similar problems of 
subtle differences* The apparent trouble is that these learners are 
less likely to try a wider range of problem solving techniques* More 
recently, set induction techniques, such as interspersed questions, 
have been invest ij^ated by Rothkopf and Erase and are commonly referred 
to as nathenagonic activities (i*e*, the study of those learning be* 
haviors that determine the nature of the effective stimuli)* 

Schuck's research design and procedure were excellent for four 
reasons* First, he used student achievement (short and long term) as 
an indicator o*^ the success of a teaching skill in an experimental in- 
vestigation* Hosenshine and the Korans have constantly urged researchers 
in teacher behavior to follow this procedure* Unfortunately^ research 
studies evaluating skills similar to Schuck's are correlational in nature 
and fail to use student outcome as a dependent variable* Second » Schuck^s 
experiment was longitudinal In terms of the teacher training sessions, 
pupil instruction and the two retention tests* Similir paradigms are 
commonly encouraged by educators but seldom chosen* Thirds the possi*-- 
bility of the Hawthorne effect con 'bounding the experimental results was 
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diminished through the use of a placebo treatment and a comparative 
Msesament of teacher achievement gain scores between the experimental 
and control groups « Fourth, teachers and students were randomly as- 
signed to each other and to the treatments • A more common method of 
assignment prescribes the random assignment of teachers with their 
students to treatment groups « 

Schuck^s presentation and analysis of his student achievement 
scores constituted a weakness in his study • Gain scores derived from 
the pre* and post test scores of the two treatment groups were compared 
using 4malysis of variance* Cronbach madi. a detailed examination of 
the psychometric logic of this technique as prooosed by a number of 
statisticians. In shorty he concluded that the use of posttest scores 
as a dependent variable and pretest scores as a covariate(s) will 
generally result in the most meaningful comparative information rela- 
tivc to alternative methods. Another analysis problem in Schuck^s 
study was the decision to use the number of students in each treatment 
(n ^ 90) as representing the number of cases in the d^ta analysis of 
student achievement scores. In this study ^ it would be difficult to 
argue against the development of confounding student -student and 
students-teacher Interactions within the intact classes during the eight 
week instructional sessions. As a result of these interactions, a 
potential historical effect could have influenced student scores in 
some unknown fashion. Unfortunately > the statistics reported in the 
study preclude the re-evaluation of the data. The only reported sta- 
tistics in the reviewed article were the number of teachers and students 
and the F ratios for the tested hypotheses. 

In conclusion> Schnck's study was well conceived in terms of his 
theoretical framework and experimental design. However ^ his conclu- 
sions must be somewhat tempered because of the cited flaws In the data 
analysis and statistical omissions within the article. 
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Szabo* Michael and John F«ldhusen, "Success in an Independent Study 
Science Course at the College Level as Related to Intellective 
Personality^ and Biographical Variables,'^ Journal of Research 
In Science Teaching ^ Vol, 8, No. 3t225-229^ 1971* 

Descriptors— ^Achievement, *Biology, *Collego Science* 
^Instruction^ *Student Characteristics* Autoinstructional 
Aids, Educational Research, Personality, Prediction (Audio 
Tutorial Instruction) 

Expanded Abstract and Analysis Prepared Especially for 1*S*E* by 
0, Roger Anderson, Teachers College, Columbia University* 



Purpose 

(1) To assess the contribution of pupil personality, scholastic 
achievetnent, and social-history variables to the prediction 
of academic success in an audio-tutorial independent study 
course (A-T) and a traditionally organised lecture^ 
laboratory course (T*-0) * 

(2) To predict achievement for individual students in each of 
the instructioaal modes* 



Rationale 

The author^s rationale is more pragmatic than theoretic. Effec- 
tive use of the many different instructional modes available necessi- 
tates empirical studies to determine what kinds of student variables 
are most compatible with a given instructional mode toward maximizing 
student academic success* Selection of student variables to be as- 
sessed was quasi-theoretical in that the authors selected available 
indicators of student characteristics that were most likely to be 
relevant psychologically to the treatment conditions and the learning 
criteria* They state that certain personality variables are more 
likely to be relevant to student performance in an independent study 
course than in a traditional lecture and laboratory course » 



Research Design and Procedure 

Thtt subjects were 630 college freahmcn and sophomores who volun- 
tarily completed the necessary data forms and were enrolled in a one 
semester, introductory biological science course at the university 
level. A subset of the sample (N « 312) who had completed, subsequent 
to the A-T course, a traditionally-taught introductory biological 
science l^oratory course served as a comparison to the A-T group* 
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The study u^ieU roul t i^varLitt^ techniqutiiS to assc^ss the relativo valuo 
of the tndependeiu variablt^s in predicting acadomic success in the 
A^r and T-0 treatments. 

The independent variables were: (1) scoros on the Gxii 1 f ord- - 
Zli\imerman Temperament Survey (gt^eral activity, restraint , ascendance » 
sociability^ emotional stability* obj^-^ctivity ^ friendliness* thouphtful-- 
nvsi^, personal relations* and :nasculinlty) ; and, (2) hi$;h school grades 
in science, mather»atics > social studies* and EnRlish* high school gradxi- 
atioTi rank* College Entrance Examination Board and Scholastic Aptitude 
Test scores; and (3) biographical information secured with a question- 
naire* The criterion i»jeasures were final grades in the A-T and T-0 
courses* Data were correlated using a build-up linear multiple re- 
gression analysis tnodcK In addition to analysing the total proup of 
subjects* the sample was stratified into three achievement level sub- 
groups of equal slxe (high* middle* low) using first semester predicted 
grade averages as a criterion. 



Fi ndiat*s 

The major 1 indings are: (1) for the total satrple* both verbal 
aptitude and ro^^traint (tendency to be serio\is--minded and responsible 
or to be introwrted) were significantly related to the criterion 
scores in both the A-T and 1^0 treatments* Differences between A-T 
and T^O modes were noted, in that prior achievement in mathematical 
reasoning skills and social studies were more often related to success 
in the A-T ooursi* while prior achievement in raathematics computational 
skills and science achievement were more often related to s\iccess in 
the T-0 treatment i (2) for learners with high predicted achievement ^ 
mathematics reasoning skills and science achievement were significantly 
related to success in the A^T course while verbal aptitude* mathemat- 
ical computational skills* and restraint were significantly related 
to success in the T-0 course j (3) among the middle predicted achieve^ 
ment groups* n\athematics computational skills* prior science achieve- 
ment and restraint were significantly related to success in the T-0 
course. No intellective predictors exhibited a significant relation- 
ship with success in the A-T course; and (4) in the low achievement 
group* verbal aptitude was significantly related to si^ccess in the 
T-0 course and achievement in social studies was significantly related 
to success in the A-T couri»e. In summary* the restraint variable ex- 
hibited value as a predictor for academic success for the total sample 
and the low achievement subgroups in both the A-T and T-0 treatments* 
The restraint scale was significantly correlated with academic success 
ior the high and middle achievement subgroups of the T-0 course* but 
not fcr the A-T course^ 
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The findings provide guidt^lines for providing altertiative modes 
of instruction that ccriplement the student's intellective and per^ 
sonality characteristic?fi» An efficient learning onvironment in science 
can take into account student characteristics and provide a range of 
instructional experiences that vill raaximiae individual student success » 
The predict ion system identifies personal characleristici: of the stu- 
dent in vhich he is vcak or strong and thus can be used to provide 
renni-Ual counsi*ling or instruction or to adapt the instruction to fit 
the student's strength or weakness « 



Abstractor's Kotes 

ThiH rest-arch addresses a general question of considerable sig- 
nificance in practice-oriented research in science education; namely » 
"Uliat are the empirically testable variables that vill predict academic 
"Success aKiong two or more equally reasonable modes of science instruct 
tion?" It assumes a multivariate rationale that inherently suggests 
a value position in research: that the teaching^leaming environment 
is a complex network of interacting variables and that it is reasonable 
to examine multiple relationships among a subset of these variables 
rather than identifying a single pair of variables in isolation from 
the test. Moreover, there is a tacit practical value orientation in- 
herent in such a procedure; namely^ that one method of teaching need 
not be considered totally or universally superior to another based on 
a 5»ingle criterion me^isuro. In the past> much research on teaching 
Methodology l^as cxaisincd two methods of instruction with the assumption 
that one is totally superior to the oth^r based on a philosophical or 
psychological rationale* These studies of "racing one course against 
another'* as it were havtf frequently yielded few significant findings* 

In some of these studies » the students were treated as though they 
were a homogeneous mass when in fact there was considerable within 
group variance that Su* e times swanped the treatment variable effects « 
The multivariate rationale employed in this research recognizes stu- 
dent variation and accounts for some of it by assessing relevant vari^ 
ables as part of the research design* Tha net result is that much 
of the within groups variance, that otherwise could plague the investi- 
gator as unaccountable error variance, becomes marked and manipulated 
toward a larger information yield* From a practical stand-point, we 
learn more about individual student differences and possibly some ways 
of meeting needs resulting from these differences through flexible in- 
structional prograsns organized to match student needs with appropriate 
learning experiences^ 

These multivariate investigations are not iuanune to the more per* 
vasive pr^:^blem of finding a suitable theoretical basis for selection 
of predictor variables that are clearly relevant to the criterion 
achievement variables. The investigators in this study have used a 
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Slit of vAtiablesi s%^4.ect€id from a curriculuin-^bullding model from 
publicatioiib showing l\w predictive ability of the variables In pre- 
vious research ot this kind« This is a rational and systematic 
approach th«it at least builds on prior published findings ^d con- 
tributes toward an accumulation of related research* Ideally^ some 
theoretical model will emerge with iuff Iclent predictive ability 
that variable selection vill become more systematic within a con- 
sist<?nt irame of reference. The invi*sti gators reported that the pre- 
dictor variables that they used accounted for only 40 percent of the 
criterion achievement variance > thus indicating there Is a substantial 
amount of additional infoimation to be gained* Additional variables 
should be identified that may increase prediction accuracy « 

It is clear that in studies of teaching method the need for a 
concise yet complete description of the treatment variable is of the 
utmost Importance, Obviously » one cannot say much in a practical 
way about the relative contribution of a teaching method if it is 
defined in imprecise and grossly general language « Multivariate re- 
search such as the kind reported here will be strengthened If instruc- 
tional treatment variables are defined In precise conceptual and 
operational terms. 

This study will have served well if t in addition to its primary 
findings » it also stimulates other researchers to pursue similar lin^s 
of multivariate analysis and to build on this study b> extending it to 
Include additional variables that account for more of the criterion 
variable variance. Other research reports that are relevant to this one 
are: (1) Gallagher^ J. J.» Comparison of Individualised and Group 
Instruction in Science: Effects on Third Grade Pupils*^^ Journal of 
Research in Science Teaching ^ Vol. 7, No. 3:253-263, 1970| 
<2) Grobe» C» H«, "A Regression Approach to Evaluating Instructional 
Programs in Science.** Journal of Research in Science Teaching > Vol* 10 > 
»o.l:55-62, 1973; <3) Koran, J. J. and M. L. Koran, "Differential 
Response to Structure of Advance Organissers in Science Instruction.** 
Journal of Research in Science TeachinR , Vol* 10, Ko* 4:347-353, 1973. 
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Tlsher, Richard P»» •'Verbal Interaction in Science Classes*'' Journal 
of Research in Science Teaching i Vol* 8| Ko* lJl-8^ 1971* 

Descriptors--*lnteraction Process Analysis » *Secondary School 
Scieace^ ^Teacher Characteristics ^ ^Verbal Communication* 
Achievement, Classroom Observation Techniques* Cognitive 
Measurement 

Expanded Abstract H-id Analysis Prepared Especially for US*E* by 
James K* Can;pbell* diversity of Pennsylvania* 



Purpose 

K Identify the nature, distribution and patterning of verbal 
discourse within six secondary science classrooms in 
Australia^ 

2. Compare the results with data from classes in America and 
Nov Zealand* 



Rationale 

Conceptual framework * The study utUiaod the Smith-Meux Category 
System* This interactive system dnes represent a simple model for 
quantifying interactive data on a cognitive level. However* the system 
has more in cotmnon with an operational definition of cognitive verbal 
behavior than it does with any theoretical framework in this area. 

Underlvina Assumptions : 

1» Language plays an important role in the development of 
pupils^ understandings* 

2, Classrooms in different countries with very different 
settings can be compared* 

Related Research : This study is part of a larger study conducted 
by Tisher md is related to other studies performed by Smith and Meux 
(1962) and Nuthall and Lawrence (1965)* 



Research Design and Procedure 

Research Design : Since no experimental variable was involved, 
no quasi-experimental design was used* The Investigator used an 
ecological-field study approach by observing a set of Australian 
secondary classrooms over a period of time* (Six classes, thirty 
minutes of observations per class) 
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Variables : Wrbal behavior as measured by tho SmiUi-Neux Inter- 
active System, (Dimoussion.^,' de.scriblng^ doslgimtin^t 8tating« defining^ 
subistituting^ ^valualin^, ciassii yinR, comparing and contrasting^ con- 
ditional infiirring* explaining^ clasKroom management » opinioning)* 

Inter-observer agroement r » »91, Ko specification of statistical 
method used to determine reliability or the number of tapes used to 
detemino tl^e correlation. 

Samptv ^ Four teachers in «ix different i»radv eight classrooms 
were utilized. All the teachers were "non-graduatow'' and did not ex- 
hibit any substantial academic training in the sciences* No descrlp-- 
lion of the student population was provided* Ko details are provided 
ass to the rationale usod in selecting these samples* 



Findin£a> 

!• The dor^inant verbal behavior for all groups involved the 
recall behaviors of describing and designating. Such be- 
haviors accounted for bZ percent of all verbal behaviors 
recorded lor the Australian teachers* Similarly^ data 
froHi a sample of science teachers in Illinois (Smith and 
Meux, 19*)2) revealed that American teachers were found to 
havu Ah pvrcx^nt of their verbal behavior in these cate- 
gories. 

2* li thi* uuu.bcr of iucidvuts involving "j»lating'' art? added 
to these cumulations^ then the percentages rise to 73 per- 
cent for the Australian teachers and 52 percent for the 
American sample. New Zealand data (Nuthall and Lawrence, 
1965) show similar findings* 

3* Verbal behaviors included in the categories Conditional 
Inferring and Explaining accounted for 20*9 percent of 
all dialogue for Australian teachers and 15 • 8 percent for 
the American sample* The author concludes that these per- 
centages show that American and Australian teachers are 
similar in their approach* 

4* Lower cognitive level behaviors involving designating^ 
describing, and stating predominate in the Australian 
sample over higher cognitive level behaviors which in- 
volve substituting, classifying, evaluating and explain- 
ing* The latter account for 23 percent of all incidents'* 

5* Inquiry behaviors as evidenced by explaining, classifying, 
comparing and contrasting, evaluating and inferring are 
not prevalent in the Australian sample* 

6* Teachers* questioning behavior ranged from 2/minute to 
4/minute * 
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7, The amount of loachor talk for th^se Australian teadiers 
wan appr^iximatoly p**rc;?nt in sharp contrast to Flanders^ 
66 percent lor American teachers. 

8. Sitsplo, .short duration Incidents prcdomlnat^^d for this 
iiample of claii?*cs. CompWx incidents "involving the 
an?iworlng of s^ubsidlary questions vithln the context of 
ansvering one najor quest l^m*' t>ccurrod rarely. 



Interpretation 

K 1-over cognitive level dialogue predominates in Australian^ 
Nijw Zealand « and American classrooms, 

2» Inquiry behaviors occurred less frequently than expected. 



Abstractor's Notes 

Huh se^»mvnt of the larger study needs more amplification^ How 
tnuoh time was spmt in training the observers vith this .system? How 
many ir*pos or tvpescripts were used to determine inter-reliability? 
hov many oV»j>orvors were utili7.ed, both for the inter-reliability and 
for the whole study? Was any intra-reliability determined? 

The report did not describe the students involved. Were they 
awr.tg. hi ability? Hoterogoneously or hor.ogeneously grouped? Vlhat 
wai» the ability range of the ?itudents? These factors have been known 
to effect the interaction. 

Over h.>u long a period of time were the audiotapes collected? 
Were all tapes collected simultaneously? Were all teachers covering 
the same subject areas? How was the sample selected? Was there any 
attempt at randoniaation of students or teachers? 

National Comparisons ; Were the graae levels the same for the New 
Zealand and American studies? Since the New Zealand study did not 
contain any science groups, are the comparisons valid? Without adequate 
descriptions of the three samples from different nations, are the com- 
parisons justifiable? 

Inq uiry Behaviors : The author states that inquiry behaviors ''ara 
by no means prevalent ones'' in the Australian samplet however, these 
categories did account for almost 19 percent of the data. This accumu-^ 
lation does seetn substantial* The data seemed to contradict the author a 
cone ion. 
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Teacher Qut^st ionin jg^: The «iuthor determined that the teachers use 
a large number of quest ion^i por e1tiHH» He then used this number to 
determine the number of qucHtions youngsters were exposed to per school 
day (700) and the number per school week (3,000 - 4^000). n^eso extra- 
polations assume teacher consistency in all subject areas % Perhaps 
different subject areas use different volumes of questions* Likewise 
the same teacher might use many questions one day and very few the next* 
Larger sampling would bo needed to determine the quantity of questions 
asked of youngsters. Such extrapolations cannot be mde without more 
data* 

In spite of such short comings the study does contain some quanti-- 
fiable data which will doubtlessly prove fruitful to other researchers 
in the field. Researchers in observational analysis have been n^ore con* 
cemed with description of the complex interactive events occurring in 
classrooms than with combining these data into paradigms educ^itional 
models^ Description must be considered the lowest level of the process. 
Researchers must now begin to utilize these data in larger and larger 
contexts* 
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Van Koeveringi Thtmas £«| ^*Tnc Distinguishing Characteristics of High 
Schools Vith High md tow Entolltaents in Physics Journal of 
Research in Sci^nco Teaehini^ > Vol, 8» So, 1:37-39, 1971* 
Descriptors — *Enrolltnent Influences ^ ^Physics, ^Secondary 
School Science, *Teacher Charactt>rl sties, Attitudes 

Expanded Abstract and Analysis Prepared Especially for KS^E* by 
John T* Wilson, University of lova. 



Purpose 

Do high schools with either high or low enrollments in physics 
exhibit any distinguishing, measurable characteristics? 



Rationale 

Even though thu percentage of high scho^-il students enrolling in 
physics has been declining for more xhan half a century, little research 
has been undertaken to determine the reasons for the decline, (No other 
rationale was given). 



Research Design and Procedure 

Class A» B, C hi^h schools (classes not defined) in Hichigan were 
rank^ordered by percent of seniors enrolled In their physics classes. 
Physics and chemistry students, physics teachers, and guidance coun-- 
selors were then selected from those high schools found in the upper or 
lower quartile* Data were then collected by means of visits and question- 
naires to each of the 48 schools which included 51 physics teachers, 1429 
physics students, and 2338 chemistry students. 

Questionnaires were given physics teachers which focused on peir- 
sonality factors, training and experience, and opinions about physics » 
Students in physics were questioned concerning their opinions and per- 
ceptions about the learning environment, vocational plans, grades and 
other coursework, and achievement in physics* Chemistry students were 
questioned about their future plans before and after graduation, espe- 
cially their intentions toward physics enrollment and the reasons for 
their decision. Guidance counselors were questioned concerning pre- 
requisites for physics, attitudes, and how enrollments could be increased* 

Data were analyzed using a t-test wid a Fisher Exact Probability 
test, (Ko other explanation about design or analysis was given)* 
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Findin&a 



While si^veral ditferences betve^n schools with high and low enroll- 
ments were reported^ only one was identified as sigr^if icant . Schools 
with high ohvsics enrollments contained significantly more (p<. •05) 
non-science students in the physics class than schools with low physic 
enrollments* Kon-signif icant findings inclxided differences between the 
physics achievements in the two types of schools and differences in the 
numbers of teacLers using PSSC in the two types of schoolii, Suimaaries 
of other findings were also reported but no indication of significance 
or non-significance was stated* These included differences in person- 
alities of the teachers, prerequisites for physics, differences between 
students^ physics grades and other grades in school, and student achieve- 
ment in physics. 



Interpretation 

Three conclusions were presented* (1) Neither the personality of 
the physics teacher nor the classroom environment, as measured by the 
instruments utilised, seem to have any major influence on physics en- 
rollments, (2) The mathematics prerequisite of three years of high 
school mathematics is directly linked to low enrollments* According 
ro the results of the achievement scores in physics, this prerequisite 
seems unwarranted* (3) Many students are not aware of what physics 
entailv"^ and consequently do not enroll in the course* 



Abstractor's Notes 

In this research effort, desired outcomes were concerns for de- 
creased enrollments in high school physics* Ho*;ever^ why fewer students 
are taking physics, per se^ has little generalizable value unless the 
findings are viewed within a broader rationale* One rationale could be 
the changing demands for scientists within society and the scientific 
enterprise* Thi^ rationale empnasiaes certain social and descriptive 
variables. Another plausible rationale considers various factors In 
the learning environment and their relationship to the successes of 
learners* This rationale suggests yet another set of variables* Both 
of these are major concerns in science education, not only in high 
schools with decreasin^^ enrollments but also in colleges* 

This research effort provided no citations of literature, which 
implies that no such review was pe^-formed; hence, no rational^: was 
constructed to support the problem presented* Certainly sone ;research 
has been done which may apply in a general sen*^^: if not> tie ^oid 
should be so reported. Without an adequate fr^-nework, findings are 
limited in interpretation to the specific circumstances of their col- 
lection* There are, for example, theoretical notions which place high 
value on teachex personality and claim that variances here greatly 
influence learning* Furthermore, the chance for learners to be 
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sueresiJlul in 4 >;\vv*n learning environinent, «ug1\ as physics is con- 
jjidered by thcHc nouonn tr» bo a fairly good enticement tor enrolling* 
Other notions ar^ no Uoubt relt>vant to this study also, 

Ih^ generally brief problem description is accompanied .by sketchy 
information about the design^ procodxires for analysis ^ and an absence 
of any data tables. The* dosign vesonbles a '*one-shot casv^ study^'; no 
treatments or controls were described* A total of eight questionnaires 
or published instruments wete used 5 differer*^ instruments vere admin- 
istered to each saujple group (teachers, coun&t^lors^ physics students, 
and chemistry students). Students NOT enrolled in physics were omitted 
entirely. If common instruments had been used vith all students (in^* 
eluding a non-physics sample), shifts in attitudes between students 
in chemistry, in physics, not in physics would be potentially revealing. 
Some questions should also be raised concerning the statistical analysis* 
It is not clear how the t-test was applied to the data. Furthermore, in 
view of the ir.any t-tests, probably performed, only a few were evidentally 
si !nif leant* If a large number of t-tests were performed, then at .05 
level of probability, a few could by random error alone be significant* 
Respectability of data sets and significance of findings require more 
than sclvvting rt^speciable instruments and statistical tests* Both the 
instruments and the analyses must be congruent with the problem and 
rationale* The absence of clarity in the analysis, and the omission of 
any data ^^r statt;ments of assumptions, alorg with the other x^eaknesses 
ciVod above, raise serious questions about the credibility of the re- 
search findings, 

*Nith the r.any weaknesses of this particular research effort, 
perhaps thfi single reason lor its review is that it does examine some 
variables relative to the sdiool learning environment to see what in- 
fluence thuv have* Too often research of this type collects only ob- 
vious descriptive data aiiy untrained observer would collect* Poor 
designs encourage inadequate analysis. A lack of rationale contributes 
to myopic interpretations. Credibility and generalizability^ as a 
result, are questionable* However, research of this type should r,ot be 
abandoned; further efforts should be made* Such efforts would, however, 
benefit from a re-examination of some research design fundamentals, 
measurement and evaluation guidelines i and a thorough search of the 
literature relevant to the general domain of the program* The result-- 
ing product can only increase the credibility and generallzability of 
the research effort* 
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